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“44 Claims. . 
The present invention relates to electronic 
digital computers and more particularly to a de- 


‘ upon such data and in spite of wide variations in 


vice for performing the addition or subtraction of . 


binary numbers. 

It is an object of the invention to provide an 
improved. device for adding and subtracting 
binary numbers at a rate of speed which is far in 
excess of present day commercial calculators. 

It is another object of the invention to provide 
an improved sequential computer in which binary 
numbers are added by successive operation on 
each ordinal place with provision for automatical- 
ly carrying a digit from one order to the next. It 
is @ more specific object to provide a. computer 
which acts in turn on each of the digits compris- 
ing a binary number, and which includes a novel 
delay circuit which is synchronized to cause a 
carried digit to be precisely delayed until the 
instant of summation of digits in the next high- 
est order. 

It is still another object to provide an adding 
and subtracting device which is simple and in- 
expensive to construct, which is compact, and 
which may be advantageously utilized as a build- 
ing block in the construction of computers. for 
other mathematical operations, such as multipli- 
cation and division. ~Neither the mechanical nor 
the electrical components need be constructed 
with extreme precision and the electrical:com- 
ponents are, for the most part, of the standard 
type used in radio ‘receivers. The number of 
tubes and other parts-is small as compared to 
conventional computers of comparable speed. __ 

It is a further object to provide an improved 
computer employing the binary: system. of num- 
bers and utilizing devices having two stable con- 
ditions of operation in which the order of the two 
conditions or voltages to which the devices are 
subjected rather than any single instantaneous 
condition or voltage determines which of the two 
binary digits is represented. As a result the 
computer may be made self-checking and of 
great accuracy in spite of relatively. wide varia- 
tions in voltage, phasing and wave form in the 
various portions of the circuit and notwithstand- 
ing changes in the electrical characteristics of 
tubes and other component parts... . 

It is a related object to provide a novel delay 
and comparing circuit for sounding an alarm 
whenever one of the two conditions comprising 
a digit is lacking. 

Tt is a still further object to provide an: im- 
proved means for the magnetic storage of in- 
formation and a drive therefor which enables 
synchronization not only between various prob- 
lem ‘data but also: with control impulses acting 
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driving speed. 

It is an object to provide a computer of the 
sequential type which is capable of performing 
addition operations upon successive pairs of long 
binary numbers in rapid sequence without danger 
that a carry signal from the highest: order in one 
sum will be carried over to the lowest order of the 
next. sum. It is an allied object to provide. a 
computer in which the complement of a binary 
number may be readily. derived. for. purposes of 
subtraction and in: which the ‘complement is ‘so 


’ compensated that the difference obtained is abso- 
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lutely accurate regardless of the number of binal 
places the device may be equipped to handle. 

It is an aim of the invention in one of its 
aspects to provide an improved summing circuit 
including alternative embodiments thereof which 
is capable of producing write and carry voltages 
in response to voltages representative of binary 
digits to be added and in.accordance with the 
rules governing binary addition. 

Other objects and advantages of the: invention 
will become apparent.upon studying the following 
discussion. and inspection of the drawings, in 
which: 

Figure 1 is.a.block diagram of a computer con- 
structed in accordance with the present invention 
and suitable for adding or subtracting numbers 
stored in binary notation. 

Fig. 2 is a fragmentary view of one of the 
storage disks disclosed in.Fig. 1 and showing mag- 
netic material distributed about the periphery 
thereof together with a cooperating recording or 
pickup head.. 

Fig. 2a is similar to Fig. 2 but shows -the use 
of separate magnetic elements for storage pur- 
poses. 

Fig. 3 is a ’ tragmnentary view ‘showing the 
pulsing disk employed in Fig. 1. 

Fig. 4 is a schematic diagram of a dual pulse 
generator controlled. by the pulsing disk of Fig. 3. 

Fig. 5 is.a schematic diagram of a preferred 
integrator circuit employed herein: 

. Fig. 6 shows a comparing and alarm circuit for 
detecting possible errors in the operation of the 
system of Fig: 1. : 

Fig. 7 shows a modified flip-flop circuit em- 
ployed in the present invention. 

Fig..8 shows a clamping and impedance chang- 
ing circuit. 

Fig. 9 shows a, preferred form of phase inverter 
used to produce an inversion or ‘complement. of 
the main data signals. 

Fig. 10 discloses a summing circuit in accord- 


3 
ance with the present invention and employing 
three-element vacuum tubes. 

Fig. 10a is a set of wave forms existing at var- 
ious significant points in the circuit of Fig. 10 
and the system of Fig. 1. 

Fig. 11 is an alternative summing circuit which 
differs from that. of Fig. 10 in that multi-grid 
tubes are used. : 

Fig. 11@ is a set ‘of wave forms of the same gen= 
eral type as shown in Fig. 10 but applicable to 
the circuit of Fig. 11. 


Fig. 12 is another alternative. summing. cirquit:, 
Fig. 12a is a set of wave forms for assistance ::’ 
in understanding the operation of the cireuit of 


Fig. 12. 
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4 
binary digit is represented, Assuming that the 
digit is to be represented by plus or minus 
voltages on a certain lead, it has been found de- 
sirable to arbitrarily represent a binary 1 by a 
plus voltage followed at a predetermined interval 
by a minus voltage and, conversely, to represent 
a binary. 0 by a minus voltage followed at a pre- 
determined: interval by ; a: plus voltage. Novel 
means are provided for timing the computation 
so that there is no possibility of reading the sec- 


"ond condition as the first condition of a pair. In 


“1S 


Fig. 13 is a double pole single throw electronic: :. 
switch employed in the system for insertion of 


digits in the lowest order. | 


While the invention is. susceptible of wanious 


modifications and alternative constructions:.and 
uses, I have shown in the drawings and will herein 
describe. in detail only certain preferred embodi- 
ments. of the invention. It is to be understood, 
however, that I do not intend to limit the inven- 
tion: by such disclosure but aim to-cover all modi- 
fications: and alternative constructions and uses 
falling within.the spirit and scope of the inven- 
tion as expressed: in the appended. claims... :- 


:The computer: to be. described. employs. the 


binary. system, of numbers and. it-will be assumed 
that such.system is sufficiently well known. to any 
persons skilled in the computer .art..as. not. to 
require discussion. Complete information. on the 
binary system may be obtained from the various 
mathematical texts and texts concerning the 
theory of numbers. As is conventional, the ‘two 
binary digits employed will be referred to as 0 
(zero), and 1 (one) in: the discussion which 
follows... 

Electronic | computers. “employing. binary’ num- 
bers are known and. have been. useful for calcu- 
lating trajectory and for solving other lengthy 
mathematical problems. They have for the most 
part been relatively complicated and expensive, 
requiring so many vacuum tubes and related com- 
ponents and occupying so much space as to be 
completely unsuited for use in the average busi- 
ness establishment. As a result, problems involv- 
ing payroll calculation, the solution of engineer- 
ing design problems, and the like have: been per- 
formed either manually or by the use of com- 
puters of the mechanical or electromagnetic relay 
types: | 
One of the reasons for the inherent complexity 
of prior art electronic computers is the manner 
in which the terms making up a lengthy binary 
number are treated. Conventionally binary com- 
puters have used two-condition devices such as 
flip-flop circuits in which each term of a binary 
number is represented by one of the two condi- 
tions. That is to say, representation of a lengthy 
binary number has required the use of a series 
‘of two-condition devices, one for each binary 
place. Since binary numbers have more than 
three times as many ordinal places as their deci- 
mal equivalents, the number of tubes. required 
quickly reaches an impracticable level. Further, 
since tubes are subject to failure and erratic oper- 
ation after extended periods of use, servicing is 
a difficult matter and it is almost impossible to 
obtain continued accuracy without resorting to 
elaborate checking schemes. 
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In the computer to be discussed two-condition | 


devices are used to represent each digit with the 
order ofthe two conditions determining which 


75 


order: to simplify the description, this two-condi- 
‘tion representation of a digit will be referred to 
8 a “couple” or “wave.” 


The terms “plus-minus 
couple” and “minus-plus couple” indicates the 


nature of the pulse, i. e., the direction of polarity 


change. in pulses constituting a 1 and a 0 respec- 
tively'on the main data leads. The two-condition 
couples may be stored in a variety of forms with- 
out departing from:the invention. I prefer to 
store the couples-magnetically: : 

One of the advantages of the manner of repre- 
senting a digit as employed herein and as later 
covered in detail, is that it enables a simple and 
reliable check on'each digit of the answer. Thus, 
if trouble develops at any point in the device 
which would cause one of the two condition de- 


. viees to remain in one of its conditions, such fact 


is made immediately apparent, whereas in more 
conventional’ systems, failure of a. single two- 
condition: device simply produces an error in the 
answer without warning that an error existed. 

' Asan additional characteristic, the device dis- 
closed herein operates upon the terms of a binary 
number sequentially or serially rather than simul- 
taneously. If it is assumed, for example, that 
two binary numbers are to be added, the com- 
puter, asa first step, adds the terms of lowest 
order (normally the first digit to the left of the 
pinal point) progressing order by order to the 
highest: term in each. number. The lowest order 
digits of the two numbers are fed into a summing 
circuit. ‘The sum of. the two digits exists as a 
couple at the output of the summing circuit, the 
courle representing a digit which is then stored 
as the lowest order digit of the answer: ‘There 
also appears at the output. of the summing cir- 
cuit a carry signal in the form of a couple the 
nature of which indicates whether a 1 or a 0 is 
to be carriéd to the next highest order. The sum 
of the digits in the next highest order is then 
obtained with the carry’ signal added thereto. 
The output of the summing circuit in the second 
operation’ is likewise in:‘the form of ‘a couple 
representing a digit which is recorded as the 
second term ofthe answer together with a carry 
signal which is added to:the sum obtained in. the 
third-order. The’summation of two binary num- 
bers thus progresses until. each term. has been 
acted upon and the final answer is recorded. In 
the event that: subtraction Tather than addition 
is required, the: device incorporates provision for 
obtaining the’ ¢omplénient’ of. the subtrahend, 
which ‘is: compensated: in?a -particular manner, 
and thereafter performing the process of addition 
as Outlined above. : - 

The: invention is. also concerned’ with a novel 
means for storing the binary numbers to be op- 
erated. upon and. for ‘recording the sum. Such 
storing means is of an improved form in which 
synchronization is substantially perfect not only. 
as: between the various storage and recording 
components. but: also with respect’ to-the electri- 
cal circuit - components. . Further,. synchronized 
means are provided for delayed insertion of the 
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sarry signal obtained from the summation of the 
digits in:one‘ order into the ‘sum: of the digits 
»f the next highest order... Delay circuits are em- 
ployed in<the latter: which are unlocked at. pre- 
tisely synchronized intervals with respect to 
functions performed: by. the remaining com- 
pénents.and under optimum input conditions so 
that there is substantially no possibility of error. 

Prior to discussing the complete computer 
shown:in block form in Fig. 1, it will be helpful +o. 
consider the various:subcombinations into which 
it: may be conveniently divided... Such subcombi- 
nations include (a): means for storing the binary 
riumbers. te be added-or subtracted, (b). means 
for deriving a data signal in the. form of couples 
of. alternating polarity and for shaping the same, 
¢e): means including.a summing circuit controlled 
bythe couples and producing the answer in the 
form of couples at the output thereof, (d) a delay 
circuit for “carrying” from one order to the next, 
and. (e) means for storing the complete answer. 
AS ancillary but none the less important features, 
provision is made for (f) producing timing or un- 
locking pulses, (g) for reversing the couples com- 
prising a number to be subtracted thereby obtain- 
ing its complement and (#) for eliminating. diffi- 
culties ‘caused by the “fugitive one” arising in 
both addition and subtraction. -Finally there is 
provided'an alarm circuit (i) of novel and im- 


proved design for detecting failure of the above 


portions of the device to perform their intended 
functions. 

The diagram of Fig.°1 has been simplified to 
facilitate understanding and bring out the oper- 
ative relationships between the various subcom- 
binations. The circuit connections between the 
blocks are intended primarily. to. show the routing 
of the control signals. Ground leads have been 
eliminated and it will be assumed that means are 
provided. for: supplying appropriate anode and 
filament voltages to the vacuum tubes. Further, 
in the case of the blocks in Fig. 1, it will be under- 
stood: that the ‘circuits.are disclosed from an op- 
erational standpoint and that circuit details may 
be’ added in a. practical embodiment in accord- 
ance with established radio and electronic prac- 
tice. Wave forms are represented at the signifi- 


cant points in the circuit as traveling waves to 


emphasize the. continuous fiow of intelligence 
from the data or input disk to the output or 
answer disk.. The waves shown denote the addi- 
tion: of two six. digit binary numbers as will be 
more fully covered in a later section. 


STORAGE OF BINARY NUMBERS 


For purposes of ready understanding of the sys- 
tem it will be assumed that the computer will be 
fed directly from binary storage devices, such in- 
telligence having previously been recorded there- 
on by any desired means. In the practice of the 
invention each binary term is stored in the form 
of a magnetized area made up of successive spots 
of magnetism having unlike polarity and forming 
what may be termed a “magnetic couple.” While 
it is possible to excite the computer by spots of 
magnetism-on any movable magnetic element, it 
has:been found advantageous to-store the intelli- 
gence on rapidly rotating disks having a mag- 
netizable periphery... Referring now to the block 
diagram of Fig. 1; magnetic storage disks.20 and 
24 are shown mounted on a shaft 22 which 1s ro- 
tated: by a.driving motor 14. ‘The disks.are pref- 
erably constructed as shown in Fig. 2 with a con- 
tinuous strip 24 of retentive finely divided mag- 


netic material bonded firmly to the circular body.. 
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6 
Alternatively, the disks may be made as disclosed” 
at203 in Fig. 2a. Inthe latter construction the 
magnetic elements 25° are separated and held in 


place about the periphery .by non-magnetic 


spacers or teeth 265. In either embodiment, the 
disk body is preferably made of a non-magnetic 
material such as brass. In the case of the alter- 
nate embodiment, the elements 25* may be formed 
of sintered slugs of magnetizable material pressed 
into place or may be built up by spraying, using 
metal spraying apparatus commercially available. 
If desired, the slots containing the magnetic ma- 
terial may be undercut as shown in order to hold 
such material firmly. in place under high-speed 
conditions. . 

The magnetic strip 24 May be magnetized by 
means of a recording head or armature 28 having 
a pair of coils 29, 30 mounted on a C-shaped mag- 
netic core 22. During recording of data the two 
coils 29, 30 are preferably connected in the record- 
ing circuit in such a way that only one coil at a 
time will be energized. They are wound so that 
they tend to send flux in opposite directions 
around the magnetic circuit. Thus, as the disk 29 
rotates and the strip 24 passes adjacent the pole 
faces, the magnetic material is subjected to a 
magnetizing force in one direction or the other 
depending upon which coil is energized. This re- 
sults in spots of magnetism which are retained 
until it is desired to read them off. 

In the case of the alternate embodiment, the 
recording head designated 28° is also C-shaped 
and is equipped with coils 294, 30*, but since the 
head is differently oriented, the magnetic ele- 
ments are magnetized in a direction parallel to 
the axis of rotation of the disk. In operation an 
adjacent pair of magnetic elements 25% is em- 
ployed to represent one binary digit, the first 
magnet of the pair having one polarity and the 
second magnet having the opposite polarity. In 
a practical embodiment it has been found con- 
venient to store four binary numbers on a disk 
at one time. Assuming that each of such num- 
bers is composed of up to twenty-five digits, two 
hundred individual magnets per disk are suffi- 
cient. 

In reading the previously recorded numbers off 
the disk a pick-up head maybe used which. is 
identical to the recording head 28 or. 28%, the 
coils being connected in series to increase the 
magnitude of the voltage generated. As the 
magnetic spots pass adjacent the pole faces, they 
set up a flux in.the core generating. a voltage in 
the coils which is proportional to the. rate of 
change of this flux. 2 i 


DERIVING AND SHAPING OF 
PULSE COUPLES 


In order to excite the summing circuit to be 
later discussed, it is desirable that the signal .ob- 
tained from the storage disks 20, 21. be formed 
into @ square wave voltage composed of couples 
of plus and minus pulses of alternating polarity 
corresponding no the polarity of the magnets on 
the :disk. 

Asa first Pei in. obtaining the desired wave 
form,. the voltage generated in the head 28 is 
integrated to.obtain.a voltage which is propor- 
tional to flux.and which, at any instant, has a 
polarity which is:representative of the polarity of 
the magnetic. spot lying adjacent the pole faces 
at that instant. : The integrator for accomplish- 
ing this is indicated generally at 32 in Fig. 1 and 
set forth in greater detail in Fig. 5. Referring to 
the latter: figure it will be seen that the coil 29, 
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30 is connectéd to the grid of a vacuum tube 34 
‘having a capacitor 35 in shunt with the plate 
circuit thereof. ‘The output. of the tube 34 ap- 
pears at the plate terminal: 36, the tube being 
supplied from any suitable high-voltage source 
through a load resistor $7. The capacitor 35 in 
conjunction with the tube resistance and. load 
resistor 31 (which may be considered to be in 
parallel) serve as an RC: integrator. The volt- 
age across the capacitor is substantially the in+ 
tegral, with respect to time, of the voltage ap- 
plied to the circuit, or in this: case, the voltage 
generated. in the pickup coils. Stated another 
way, the voltage is substantially proportional to 
flux in the disk. Since the pickup coils are not 
required to carry current, any inductance drop 
therein is substantially eliminated and a high 
order of accuracy is achieved. | , 

As indicated at 38 (Fig. 1) the wave at the out- 
put lead 36:cf the integrator consists of a series 
of direct and reversed cycles of substantially. 
sinusoidal shape. For.convenience in representa- 
tion the wave 38 may be thought of as traveling, 
here to the right, into the succeeding stages. 
This convention will be adhered to in all other 
wave representations to which reference is made. 
Assuming that a minus-plus wave indicates the 
binary digit 0 and assuming that a plus-minus 
impulse. correspends to the binary digit 1, it will 


be seen that the wave 33 at the output of. the ‘ 


integrator represents the binary number 000110, 
being the electrical equivalent to the number 
recorded magnetically on. the disk 20. 

Means are next provided for deriving a sup- 
plementary signal which is the inversion of the 
raain control signal. Such inverted signal is fed 
along with the main signal but on a separate 
lead through the succeeding stages. In the pres- 
ent instance this is accomplished by a vacuum 
tube amplifier 39 which has a phase inverter 
stage to obtain. push-pull output from a. single 
input signal. Since such an amplifier may 
readily be constructed by ene skilled in the art, 
it is not necessary to set forth the circuit in de- 
tail. Suffice it to say that the voltage wave exist- 
ing at an output lead 40 will be the same as that 
existing at the input lead 36 except greater in 
magnitude while the voltage on a second output 
lead 41 is-the inverted image thereof. 

To convert. the sine wave couples to square 
wave couples and to obtain a uniform properly 
synchronized voltage wave for all digits regard- 
less of the magnitude of the signal obtained 
from the disk, a flip-flop device 42 having pro- 
vision for periodic unlocking is employed. The 
circuit of the latter is set forth in Fig. 7 where 
it will be seen that it includes two triodes 44, 45 
which may be included within the same en- 
velope, if desired. Such triodes include cath- 
odes 44%, 45*; grids 44>, 45>; and plates 44°, 45¢, 
respectively. The. circuit is arranged.so that 
there are two stable conditions of operation: (a) 
with the grid-44> at zero potential and with grid 
45> below cutoff, and (b) with-the grid #5> at 
zero potential and grid 44° below cutoff.. To this 
end the grids and plates are -cross-connected 
by ‘resistors 46, 48 and ‘respectively grounded 
through grid resistors 49, 50.and bias source 53. 
The triodes ate fed respectively through plate re- 
sistors 51, 52 from a high voltage source 54. The 
output of the flip-flop circuit is.taken directly 
from the plates. via output leads 55, 56. 

When the first stable condition (a). ‘exists, the 
triode 44 conducts ‘and draws plate current from 
source §4 through resistor 61.. This produces a 
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voltage drop. across the resistor §1 which de- 
creases the potential of the output lead 55 rela- 
tive to ground.- Similarly, when the second con- 
dition (6) exists, triode. 45 conducts to decrease 
the potential of the output lead 56 relative to 
ground, When the. flip-flop circuit is in one of 
its stable: conditions, it. will remain in that con- 
dition due:to the above-mentioned cross connec- 
tion. :.Thus, if triode .45 is non-conducting, the 
potential of its plate will be high and due to its 
connection with the. grid of triode 44 (through 
resistor -48) it will: maintain the potential of 
that grid on the positive side. of cut-off and cause 
the latter tube to conduct heavily. Conversely, 
if ‘triode 4§:is conducting, it will maintain the 
grid:of triode 44 beyond cut-off for the full range 
of voltages:on input lead 40. To cause the flip- 
flop :circuit to remain locked in one condition, 
the output of .the amplifier-inverter 39 is lim- 
ited.to.a moderate level. fs 

In:order. to enable the flip-flop circuit to be 
converted from one stable condition to another, 
means are provided for unlocking the tubes, i:e., 
for rendering:both tubes momentarily non-con- 
dutting.:This: is preferably accomplished by 
connecting. cathodes 44%, 45%, by a line 58, to a 
source: generating positive pulses synchronized 
with the signals received at the input leads 40, 
4{. The means for generating such pulses will be 
referred to in detail at a later point. . Suffice 
it to say that a positive pulse applied to the 
cathodes makes both tubes non-conducting, 
and when such voltage is removed the tube which 
starts conducting will be determined by the then 
existing voltage at the input terminals. The out-. 
put. voltage is independent of the input under 
normal locked conditions but may be considered 
to “aline itself” with the input voltage which 
obtains during the instant that the circuit is un-. 
locked. It will: be apparent to one skilled in the 
art that the: present invention is not limited to 
the use: of flip-flop circuits 42 having a pair of 
input leads and the circuit may be operated suc+ 
cessively with one of the input leads eliminated. 
cessful with ine of the input condtions. would 
The opposite grid under such ‘conditions would 
receive its voltage only from the plate of the 
first tube. 

Referring again to Fig. 1, it will be seen that 
the output signal from the flip-flop circuit 42 
consists of. a train of square waves 60 on lead 
55 with their inverted counterparts 61 on lead 
56. As stated above, all of the units in the block 
diagram have a common ground connection and 
it is therefore desirable that the signal voltage 
bear a predetermined relationship to ground po- 
tential. It is further desirable that the source 
be. changed.from high impedance to one of rela- 
tively low impedance for feeding into the sum- 
ming portion of the device to be discussed. Ac- 
cordingly, the dual signal is fed into a clamp.and 
impedance changer 62, the circuit of which is‘set 
forth in detail.in Fig. 8.. This device includes a 
double diode 64, 65 and a double triode. 66, 68. 
The diode circuits include input capacitors 69, 70 
which are, in effect, shunted to ground through 
plate resistors 71,.32.: It will be apparent, there- 
fore, that the diode-circuits serve as conventional: 
clamping: devices, maintaining the positive por- 
tions: of the input signals at a positive potential 
determined by. battery 13. ‘The triodes 66, 68 
are excited by the outputs of the clamping cir- 
cuits and ‘include cathode resistors 14, 15 across 
which the output is taken-on leads 16, 78. The 
latter tubes: thus: serve’as conventional cathode 


2,609,148 


9 

followers. As a result of the clamping, the .out- 
put waves 79, 80 of the device 62 have substan- 
‘tially the same envelope’ as the input signal but 
ibear a definite relationship to ground potential. 

In the above discussion only a single input 
channel has been discussed, namely, that leading 
from the disk 20. In order to obtain a sum it is, 
of course, necessary to have a second channel 
which is substantially the equivalent but which 
carries intelligence corresponding to a second 
number. The second channel will be found in 


Fig. 1 directly below that previously: discussed 


and corresponding primed reference numerals 


have been employed to indicate that the compo-: 


nents are equivalent. Square output waves 19’, 
80’ are also obtained for feeding into the sum- 
ming circuit. 

Included within the first channel is a reversing 
switch 8! which, as will later appear, is em- 
ployed in subtraction and ‘which for present 
purposes may be disregarded. 


& -DIGIT..ADDER. CIRCUIT 


“The apparatus thus far described has been for 
the purpose of obtaining reliable and accurately 


10 


phased square Wave couples representative of a - 


“The purpose of the digit adder 
circuit fhdicatéd generally at 82 (Fig. 1) is to 
titilize such voltage couples to produce a sequence 
of couples ‘6n éach: of two’ output leads, one se- 
‘quence. ‘¥épresenting the answer of the summa- 
tion; ard: the other sequence representing a series 
of ‘curry. ‘digits. “The adder ‘portion of the appa- 
ratus to be discussed utilizes three input voltages 
‘atid their inverted counterparts, the first two of 
such: véltages being supplied from the channels 
controlled by. thé disks 20, 21. 
convetifent to designate the-main output wave of 
the first channel as A, its.inversion as A’ and 
the otitput of the second channel as B having an 
inversion B’. ~:~ 

In practicing the invention three alternative 
circufts are provided as set forth in Figs. 10;.11 
and 12 to act upon two simultaneously received 
input couples in a predetermined manner which 
satisfies the requirements of binary addition as 
the. same is carried out order by order. Thus, if 
one of the input signals represents a binary 1, 
and the other -0, the summing circuit should 
write 1 and nothing should be carried over to the 
next higher order. If both of the inputs A (and 
its inversion A’) and B (with its inversion B’) 
carry a couple representative of a binary digit 1 
the summing. circuit anoue write a 0 and carry 

al. 


In order to insert a carry signal from the pre- ; 


viously summed order, a third input C having 
an inversion C’ is employed. The couple fed to 
the summing circuit at C, C’ is supplied from a 
novel delay circuit to which more detailed refer- 
ence will-later_be tnade. Suffice it to say that the 
carry ‘signal. always arrives at the input of the 
summing circuit just one order or cycle delayed 
or “late.”. Thus all three of inputs A, A’; B, B’; 

and'C, C’ may at any instant be carrying a couple 
‘corresponding to.a binary 0 ora binary 1. It will 
be apparent, then, that when all three inputs are 
a binary 1, both outputs should be a binary 1. 
‘By this point in the discussion it will be clear 
that the function of the adder circuits, for ex- 


230 


It will be found - 
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70 


ample that shown in Fig. 10, is to respond to the ~ 


coincidence of voltages on the input leads. In 
the latter figure it will be seen that the six input 
leads may be divided into two sets of three cor- 
résponding to the direct and inverted signals and 


10 

grouped respectively A, B; C, and A’, ‘3B’, C’. The 
output leads include a write lead 84 and a carry 
lead 85. It will be understood hat the. word 
“write” is used in a broad sense to indicate that 
the output. signal on lead 84 is recorded as part 
of the sum. Preferably such recording is. ac- 
complished magnetically as will later appear. 
The actual printing of the information is not 
specifically covered in the present application. 

The adder circuit as disclosed in Fig. 10 in- 
cludes six valves in the form of triodes, adjacent 


ones of which are included within the same glass 


envelope. Such triodes are designated by the 
numerals 86-91. ‘The. cathodes, grids.and plates 
of each of the triodes carry the corresponding 
numeral with the respective subscript a, b, or c. 
Referring in greater detail to the input portion 
of the bared circuit 82 it will be seen that the 
leads A’, B’, C’ are all conneced to the contro] 


‘grid of the tube 87 through grid resistors 92; 93, 


94. Similarly, the input leads A, B, C, are con- 
nected to the grids of the triodes 88, 89 through 
grid resistors 95, 96, 97 and 98, 99, 100. Each of 
the triodes 81-89 includes a source of bias com- 
prising a grid resistor and: grid battery -which 
have been designated respectively by the nu- 
merals 101, 102;. 103; (04;. and 105, 106. “The 
plates of the triodes 8I—89 are connected to a - 
source of high voltage 108 via dropping resistors 
109, 110, 11: Because of the grid connections 
and the plate dropping resistors, the voltages 
existing at the plate terminals (12, 113, 114 swing 
through relatively wide limits determined -by the 
signal voltages existing at the input. The tubes 


87—89 may thus be conveniently referred to. as 


“primary” control or input tubes. . 

In accordance. with one of the. aspects of the 
ifivention, the plate potentials of the primary 
conirol tubes existing at terminals (12, 113, 114 
are applied through grid resistors to the grid 90> 
of a “secondary” control tube 90. Such resistors 
are designated. 115, (16, {17 respectively. The 
grid 90 is further connected to a source of bias 
including a resistor 118 and a battery or the like 
119. On the ‘plate side,’a dropping resistor 124 
permits the plate terminal voltage to swing over 
relatively wide limits. : 

Through the action of the circuit ‘thus far dis- 
cussed, the voltages existing at the input leads 
are employed in combination. to control. the con- 
ductivity of the primary control tubes 87—89 
while the resulting states’ of conductivity” act 
jointly to control the conductivity.in the .sec- 
ondary contro] tube 90 and the voltage at its out- 
put terminal 125: As shown in Fig. 10, the pri- 


“mary. control tube 817 serves to control the con- 
“ductivity ina carry output tube designated at.86 


while the secondary. control tube 90 controls the 
conductivity in a write output tube 91. Th state 
of conductivity of such output tubes in turn de- 
termines the instantaneous potential on the write 
and carry output leads. Comp'eting the circuit, 
it will be noted that the output tubes have asso- 
ciated grid resistors 122, 123 and cathode resistors 
{20, 121 respectively, causing the stages to furc- 
tion as. low. impedance cathode followers... 
‘In practicing.the invention the bias on the. grid 
of the rrimary contro] tube 87 is of such a. value 
that it maintains the grid of. tridde 87 below. cut- 
off unless two or more of the three leads A’, B’, 
C’ are positive. Since the inverse voltages appear 
at the inptt leads. A,B, C, this. is equivalent. to 
saying that the triode. 87 is maintained beyond 
cut-off unless. one.or none. ofthe Jeads: A, B,C 
are positive.. In. order that the effect of- such 
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bias condition may ,be ascertained ata glance, positive at the beginning of a digit space. It. is 
the following Table I:has been prepared, listing . -apparent.that this fulfills one of the conditions 
the grid voltages and approximate plate voltages .- of binary addition, namely,.a binary 1-must be 


on all of the control tubes under the.various com- “written” enly when the total of the numbers 
binations. of anput voltage at fhe input Jeada A, § eadded is 1 0r3.. o>: 
B, Cs: Sinus 3 ~ At ‘first glance it might appear that the: volts 
* ale “Table 1 
: ‘Number of lends | -*. ; 88. i ny : vf 
A, B, ©, which = + + -| “Write’| Carry 
are posttive. as Grid Piate | Gria Plate. | Grid} Plate | Grid |" Plate ; 


2m Zero, ‘C= Cutoft. aoe 
For purposes of convenience L has been used to ages on ; “the input leads would ‘have very little 
designate the fact that 'a particular grid is at individual effect. due. to the paralleling of. the 
zero potential (corresponding to flow of plate “° grid resistors 92—-94, 95-91, and 98—100 respec- 
current). while .C-has heen employed to designate tively. It has been found as a practical matter 
the fact that @ given grid is biased. beyond cut- that the arrangement'shown causes the grid volt- 
off thereby to prevent.the flow of plate current. age to exist.in desired well-defined steps and cir- 


In a practical circuit using conventional receiv- 5 Cult complications encountered in any: attempt to 
ing-type triades it bas been found that a plate ~° add the input voltages serially are avoided. 


Swing of from 10 to 105. volts is readily. obtained Referring now tothe carry output tube. 86. Cat 
between the conducting and non-conducting con- the left-hand portion of Fig..10) it will be seen 
ditions respectively. ‘These. values have accord- that .a-- positive: voltage.-will-be applied. to.-the 
ingly been used in the fable’ as representative. carry-output:lead 85 only when the primary.con- 


_ In utilizing Table I it will be seen in the case °° tro] tube 87 is cut off. As will be apparent from 
of, primary contro]: triode 81 that. the grid. bias the first column of the table a positive signal is 
ds zero and the plate voltage correspondingly produced at the carry output-Jead only when two 
low with none or one of the leads A, B, C positive; or three of the input leads A; B, C are positive. 
while the triode is cut-off and the plate voltage | Thus a carry 1 signal will be obtained only:-when 
correspondingly high when either two or three “> two or three of the input leads A, B,C are pos- - 
of the leads A, B, C are positive. _ itive for the first halfof the cycle. This fulfills 
Turning . attention now to the control triode the second: requirement for binary addition, 
88, the bias derived from the source 104 is so namely, carrying (to the next highest. order) 
adjusted that a positive voltage at any one of 4g Whenever the binary sum exceeds 1. In short, the 
the leads A, B, C, is sufficient to cause the tube “" circuit of Fig. 10 satisfies the requirements for 
to conduct. When none of the leads A, B, C is sequential binary: addition except for delaying 
Positive, such tube is non-conducting and the the carry signal until the next highest order is 
plate ‘terminal voltage is correspondingly high. being summed. 
‘In the case of the primary control triode 89 the 
voltage. of the associated grid battery 106 is of 45. . oO DELAY. CIRCUIT 
‘such value that all three of the leads A, B, C must 


be positive for conduction to take place. With In the preceding section it has been assumed 
less than three leads positive the tube is non- that the appropriate-carry signal derived from 


conducting and the plate voltage is high. the summation in a previous order has been ap- 
The function of the secondary control tube 90 59 Propriately delayed so that it may be added to the 
differs from that of the control tubes previously signals existing at. the A, A’, and B, B’ input leads. 
discussed in that the grid 90° is controlled not by It: has further been assumed that the carry signal 
the input voltages directly but by the state.of con- appearing at the carry output lead 85 is suitably 
ductivity of the primary control tubes. To obtain delayed to.appear at the leads C, C’ upon summing _ 
the desired output signal the triode 90 has its 55 the signals corresponding to the binary digits of 
bias set by the battery 119 so that the tube is cut- the next higher order. In. accordance. with the 
off until two of the three leads supplying the grid present invention, novel means are provided be- 
network become appreciably positive. ‘This is tween the output lead 85 and the input lead C, C’ 
equivalent to saying that the secondary control for delaying the signal.over a space of time cor- 
tube 90 is cut-off unless at least two of the 60 responding to one couple, in other words, for one 
primary control triodes are cut-off. and, there- summing: cycle.. This is, accomplished by, pro- 
fore, non-conducting... From inspection of the — viding a series of flip-flop circuits which are suc- 
table, it is apparent that the secondary. control cessively unlocked by. pulses generated in ac- 
triode will conduct only when none of. the input curately timed synchronization with respect. to 
leads A, B, C’are’ positive or when two of such 65 the stored data. As employed in the preferred 
leads are. positive. Under conditions in which embodiment illustrated in Fig. 1 the flip-flop cir- 
either one or three of the leads A, B, C are pos- cuits are of the same type previously discussed in 
itive; the triode 90 is biased to cut-off and, there- connection with circuits. 42 and 42’ and set forth 
fore, non-conducting. The write output tube 91 in detail in Fig:7. It will be recalled that a pos- 
is arranged to apply a positive voltage to the 70 itive pulse applied.to the cathodes serves to un- 
write output lead 84 only when the secondary lock the circuit thereby enabling it to respond to 
contro] tube $0 is non-conducting. Thus a write 1 the then existing voltage at its input terminals. 
- signal will exist at the output lead 84 only. under Prior to being fed through the flip-flop devices 
two conditions: When one of the leads-A, B,C is. the signal on the carry lead 85 is inverted by 
positive or when three of the leads A, B, C aré 75 Means of a phase inverter 130, The specific cir- 
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suit as set. forth in Fig. 9 will be:seen to be of 
more or less conventional design including a pair 
of triodes 131, 132 having cathodes, grids and 
dlates carrying corresponding subscripts a, B, c. 
The grid (3% of the triode 131 is excited directly 
from the line 85 to. produce 2 corresponding out- 
put signal on an cutput lead 134. The grid of 
the triode {32 is oppositely excited by a diagon- 
ally-connected resistor {35 and series capacitor 
136 leading to the plate of the first triode. It 
will be apparent: to one skilled inthe art that a 
positive voltage applied to the grid of the first 
triode 134 will cause. a corresponding negative 
voltage to be applied to the grid of the second 
triode (32. As.a result the voltage appearing at 
the second output leaq (38 will. be- opposite. in 
phasing to the voltage appearing at. the: output 
lead 134 as shown. by the. typical waves 139; 140. 

From this point the carry signal passes through 
four serially arranged. flip-flop circuits (41, §42, 


(43, (44, Those. circuits are, in general, ‘unlocked. 


individually and. in. regularly recurring sequence 
to pass the information “down. the line” one step 
at a time. Preferably the flip-flop. devices are 
arranged in. two alternating groups. [41, 143 and 
(42, 144 and unlocking pulses are fed to the-groups 
alternately. In the present instance. the- pulses 
are supplied to flip-flop circuits. 141, 143 through 
an unlocking lead 145 and are supplied. to. fiip- 
flop devices 142, 
lead (46 at a rate of two pulses per cycle. Such 
pulses are furthermore timed with the data fed 
into the summing circuit to insure that a com-~- 
plete unlocking cycle occurs: which is synchro- 
nized with successive cycles of data. Specifically; 
at the start of a cycle comprising one wave or 
couple, the flip-flop circuits 142, 144 are first 
unlocked, -This feeds into the summing circuit 
the carry signal from the previous summation. 
One-quarter of a cycle later the flip-flop circuits 
141, 143 are unlocked so. that 141 may respond 
to the then existing output of the summing. cir- 


cuit. In asimilar fashion the flip-flop circuits 142 


and 143 are unlocked at the middle and. three- 
quarter points of the cycle respectively: At the 
start of the next cycle, the signal then existing at 
the. output of the flip-flop circuit 144 is applied 
to the input leads C, C’, such signals correspond- 
ing exactly to the carry signal which appeared at 
the carry lead 85 just one cycle before. 

From the foregoing it is seen that the four 
serially connected. flip-flop. circuits {41-144 are 
unlocked successively at quarter cycle intervals 
to provide a camplete cycle or digit space delay 
for the carry signal. In addition, the specific 
delay arrangement. enables a maximum amount 
of reliability since it operates substantially inde- 
pendently. of the wave form and.in spite of rela- 
tively wide variations. in the amplitude of the 
wave. In this connection note that the first flip- 
flop circuit, which is. the most. critical. since it 
determines the signal to be passed along by the 
remainder of the flip-flop. circuits, is unlocked at 
the first and third quarter points of a couple. 
These points are approximately centered within 
the regions of maximum amplitude. Thus, if 
the magnitude of the wave should decrease for 
any reason, positive response of the first flip-flop 
circuit is.still assured. Operation is likewise reli- 


able in spite of considerable inaccuracy in the ‘ 


phasing of the data signal and in spite of sloping 
or rounding off of the wave front. In short, the 
circuits are kept. synchronized by the unlocking 
pulses so that construction of the computer asa 
whole is. not unduly critical. 


(44 through an unlocking pulse 2 
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Inserted in: the line between.the. flip-flop circuit 
{44 and the.C, C’ input. terminals af the sum- 
ming: circuit. are: a. switch 48. and a clamp and 
impedance. changer: 149. The latter is in: all 
respects, similar: to the: clamp. and impedance. 
changer: 62, 62’ previously discussed in detail in 
connection with: Fig. 8; The.output waves of: the 
latter are. designated: 147, (53.. As to the switch 
148, this. may be. assumed. to: remain. closed. and 
may: be disregarded: for the: present, serving: a 
function. which. will later. be. discussed in. detail. 
In summarizing, it: will be: apparent that the cir- 
cuit: loop: starting: at. lead. 85: and: ending: at: leads 
C, Ch serves: to: transport: carry signal.from. one 


‘ order. to: the..next,’and: may be thought of as-a 


feed-back. circuit. with a: single cycle. (or. digit) 
delay. 


GENERATION OF UNLOCKING PULSES: 


Reference. will next. be.made: to: the. preferred. 
means for: applying. pulses. to. the leads 145, 146 
for. unlocking: flip-flop. circuits. 141—144. To. 
insure: synchronism the unlocking: pulses: prefer~ 
ably: originate..in a. pulsing: disk. {50. which is 
shown..in. the. upper. left-hand. corner: of Fig. 1. 
and mounted: on the. shaft. 22 which. drives the 
storage disks 20, 21 previously referred to. As 
shown in Fig: 3, the disk 150 has on.its periphery 
a plurality of closely spaced teeth 151 which 
cooperate: with. a. pickup coil. {52- having a core 
154. The. core: preferably has a. chisel-shaped 
tip which extends: within: a. short. distance (about 
.005. inch). of the- crests: of the teeth 161. A 
direet. current. is:passed. through the coil (52. and. 
as the: teeth. on the rotating disk pass beneath 
the: core, the. reluctance of. the. magnetic circuit 
is; changed, inducing. an. alternating voltage 153. 
in the. coil. which is. then: peaked, inverted, and 
amplified. The device for accomplishing the lat- 
ter is. termed the dual pulse generator 155, the 
preferred circuit.being disclosed in detail in Fig. 
4 to. which reference is now. made. 

As. shown, the. pulse generator includes a. pair 
of. cascaded amplifying tubes 156, (58, the signal 
from. the pickup coil 152 being conveyed to the 
erid of the first. tube through a capacitor 159. 
The amplified signal from the tube 158 is then 
passed through the primary ofa saturable trans- 
former {60: having a center tapped secondary 
if. Due to saturation a voltage is obtained at 
each side of the center tap which is very peaked. 
Such voltages, oppositely phased, are separately 
amplified by amplifiers indicated at 163, i64 re- 
spectively: The latter serve to excite respective 
cathode follower stages §65, 166 which: supply 
the output leads 145, 146 previously referred to. 
For. purposes: of clarity. the peaked unlocking 
waves:on the leads 145, {46 are shown in Fig. 1 
as: 168, 169, the pulses occurring at. the rate of 
two. on. each line: per cycle. While each of the 
lines. 148, 146 carries only two unlocking: pulses 
per: cycle, it: is. to be noted that the pulses sup- 
plied on one line: alternate with those. in the 
other: so: that: a: total of four unlocking. pulses 
per: cycle. are: supplied to the delay. channel as a 
whole, 

Since the. pulsing disk 150. is rigidly coupled 
for rotation: with the data disks 20 and 2f, the 
unlocking pulses will be in stev with the data 
signals. The angular relationship between the 
data disks 20, 21 and the pulsing disk 159 is not 
depended upon, however, for exact: synchroniza-. 
tion between. the data signals. and the unlock- 
ing of the delay:circuit. On the.contrary it will 
be noted. that the data flip-flop: devices 42, 42’ 
are unlocked by the same set of pulse leads:which 
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unlock the delay circuit, being connected thereto 
by lines 58, 58’ (Fig. 1). As a result synchroniza- 
tion is positive and the assembling of the disks 
on the shaft 22 need not be a high precision 
operation._ To insure that the delayed carry 
signal is fed into the summing circuit in step 
with the incoming data, still another precaution 
is taken. This has to do with the timing of the 
unlocking pulses in the delay circuit relative to 
the wave form of the signal being acted upon. 
As pointed out above, the unlocking pulses are 
applied to the first flip-flop circuit (41 near the 
center of each half of the input wave or couple. 
Since the wave is substantially rectangular, it 
will be apparent that considerable departure on 
one side or the other of the center point may 
be tolerated without causing misphasing diffi- 
culties. 

While the preferred circuit includes four serial 
flip-flop devices unlocked with four pulses ‘per 
cycle, it will be appreciated by one skilled in the 
art that a greater number could be used if de- 
sired without departing from the present teach- 
ings, always keeping in mind that the number 
of unlocking pulses should be sufficient to cause 
a delay of exactly one cycle or digit space. 


RECORDING OF WRITE SIGNAL 


As previously stated, the signal appearing on , 


the write lead 84 consists of a succession of cou- 
ples of the same general wave form as those ap- 
plied at the input of the summing circuit, the 
wave form being shown at [10 (Fig. 1) for pur- 
poses of convenience. 
erably passed through a phase inverter {Tf ap- 
pearing in both the direct and inverted form at 
leads 112, 174. At this point an alarm circuit 
may be employed to which detailed reference 
will later be made. The direct and inverted 
waves 182, 184 are next amplified by any suit- 
able amplifler 176. The output of the ampli- 
fier is then passed through the coils of a record- 
er head at ITT to record the sum magnetically on 
an output disk 180. The latter is preferably of 
the same type as the storage disks 20, 2! and 
is synchronized therewith by mounting on the 
same shaft 22. The recorder head may likewise 
be of the same type discussed in detail in con- 
nection with Fig. 2. The individual coils.29, 30 
thereof being supplied. through the leads i718, 
(18. The recorded data corresponding to the 
binary sum of the binary numbers appearing on 
the disks 20, 21 may then be read off of the disk 
180 by any suitable pickup head (not shown). 
When the adder is employed as part of a more 
complete computer capable of multiplying and 
the like, additional numbers may be continuously 
recorded on the disks 20, 21 and their sums only 
temporarily stored on the disk 189. The present 
device is thus seen to be eminently well suited 
for continuous high speed operation. . 

While it is true that the signals 182, 184 to 
be “written” are square waves, it has been ob- 
served that the resulting magnetism impressed 
on the disk {80 is more nearly sinusoidal. This 
is believed due to the fact that a certain amount 
of neutralization or averaging of the flux takes 
place on the disk at the boundaries between the 
fluxes of opposite sign. In any event the signal 
subsequently picked up from the output disk 180 
as the answer is “read” will be found to be sub- 
stantially of the same wave form as that “read” 
from the input disks 20, 21. a a : 


The signal is then pref- . 
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16 
SUMMARY OF OPERATION AND 
WAVE FORMS 


While the complete computer contains addi- 
tional meritorious features requiring discussion, 
it will be found convenient to review the opera- 
tion of the components thus far discussed in or- 
der to show more clearly the manner in which 
the information picked up from the storage disks 
20, 21 is recorded as a binary sum on the output 
disks 180. Turning to Fig. 10a, the wave forms 
of the signal as they exist at a number of signifi- 
cant points in the circuit are shown and may be 
conveniently grouped as follows: 


Pulse output #1 from dual pulse generator 155 

Pulse output #2 from dual pulse generator 155 

Signal from first storage disk 20 

Signal from first storage disk after squaring and 
clamping (lead A to summing circuit) 

Signal from second storage disk 21 

Signal from second storage disk after squaring 
and clamping (lead B to summing circuit) 

Delayed carry signal after clamping (lead C to 
summing circuit) 

Plate voltage of triode 87 (carry signal before 
delay) ~ 

Plate voltage of triode 88 

Plate voltage of triode 89 

Plate voltage of triode 90 (write signa] as applied 
to recording coil) 


All of the waves have been vertically alined with 
respect to a common time axis so that it is pos- 
sible to trace the effect of digit couples fed into 
the circuit from the storage disks 20, 21 from 
beginning to end. Since the waves may be con- 
sidered as “flowing” progressively to the right, 
the first digit space or order is along the right- 
hand edge of Fig. 10a and has been designated a. 
The couples corresponding to digits in the next 
highest order operated upon in the computer 
occupy a space b. Successive orders have been 
designated as c, d, e, and f. Individual couples 
are denoted by a corresponding subscript. 

The over-all operation of the computer may be 
understood by observing what occurs during so~ 
lution of a practical problem: the addition of 
000110 to 000011 previously recorded and stored 
on disks 20, 21. Both of these numbers together 
with their sum, 001001, are placed in Fig. 10a 
immediately below the couples which represent 
them. As a first step the first (lowest order) 
digit read off of the storage disk 20 is 0 (zero). 
The couple corresponding to this first digit sig- 
nal has been designated 384 in Fig. 10, and after 
shaping and clamping produces a square minus~ 
Plus couple 19% which is fed into the summing 
circuit on lead A. The lowest order digit of the 
second binary number is 1 (one) and appears in 
magnetic form on the second storage disk 21. 
The electrical couple corresponding thereto is 
designated 38’6, which after shaping and clamp- 
ing appears as the plus-minus couple 79’, on 
lead B. : ; 

It will be assumed that the carry signal C is 
0, the first couple of the carry signal being 
minus-plus and indicated at 147+. 

Under the above conditions the only one of 
the signals A, B, C having an initial positive por- 
tion is B. The resulting voltages appearing at 
the plates of the triodes 81—90 may be deter- 
mined merely upon inspection of the previously 
discussed Table I. These voltage waves are rep- 
resented in the drawing as 126—i29 with the 
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17 
first. or leatiing: couples. destenated ‘12604208. 


Furning attention’ to the voltage 129° (triode. 


$0) it is seen that the voltage is high. during the 
initial: portion of the first cycle and low during 
the final portion: This causes a.similar variation 
at. the cathode of the cathode follower triode. 91. 
The latter results in:a. plus-minus couple leading 


the wave on: the write output lead 84 which is: 


amplified: and recorded: as.a.1 (one). on. the out- 
put disk 188: 

~The carry. signal is dependent. upon. the out- 
put voltage of triode 81. Since the sum: for. the 


first order (as seen above) is 1, the carry. signal: 


is: 0. Gero). as represented ‘by the. minus-plus 
couple 1264. Because of the delay. circuit this 


carry: signal is: carried over into the: next order: 


bd as the minus-plus couple 14%* on input lead-C. 

Having observed the sequence of operations 
in the first order @, attention. is next directed to 
the second. column from the right in Fig, 10a 
which shows the operation of the computer 
during: the second order. b, In the second order 


the. digit on each of the. storage disks. 20, 21. is. 


1 (one). This results in. the application. of the 
plus-minus ‘pulses 18° and 18’p. to: the summing 
input leads A.and B respectively. The. voltage 


variation at the plate of tube 90 constitutes a. 
minus-plus. couple 128». which is fed at low.im-. 


pedance to the write lead 84. 0. is thereupon 
written, magnetically. on the output disk 180. 


The voltage: variation at the plate of tube 81.0n. 
the other hand during this cycle is.a, plus-minus. 
This. corresponds to. carrying a. 


couple. 126>, 
binary 1 to the next order. After delay it will be 


seen: that.this carry signal is. fed into. the sum-. 


ming: circuit at. C. in. the next. higher order c. 


The, above process is repeated for the orders ¢;, 
d, e and f resulting in the writing of digits 0,.1,. 


0 and 0 on the-disk 180. to complete the answer, 

namely, 001001. : 
While a six. digit. binary problem. has been 

taken as representative, a. practical. computer 


employing the present teachings is not: so: lim-. 


ited.. Computers may. be readily constructed 
with a capacity of 25 or more binal places.which 
takes care. of the: great majority of problems 
arising. in. business.. When using a. machine of. 


larger capacity. for a relatively simple, problem. 


Such as that outlined-above,; the higher orders on 
the disks 20, 21 should be completely occupied 
by zeros and corresponding. zeros. will. thus be 


written. in the. higher. orders of. the: answer on: 


disk. 180.. 


LOW ORDER DIGIT INSERTER FOR CARRY. 


CIRCUIT. 


In the above discussion it. has been assumed 
that the initial information fed from the carry 


delay circuit represented’a binary digit 0‘so that. 


in effect, there was nothing carried in summing 
the digits of the first order. If the computer 
were used to perform but a single problem of 
addition, this would in general be true. How- 


ever, since the computer is normally. called upon. 


to perform a large number of problems of addi- 


tion in quick-succession, the addition of the first 


digits of a given pair of numbers follows directly 
after the addition of the last digits of the pre+ 
ceding number. It is, therefore, quite possible 


that the carry for the first digits added might 


not. always be zero as it should to obtain the 


correct answer. In accordance with one of the 


aspects of the invention, therefore, means are 
included in the carry circuit for disabling the 
carry circuit during the addition of the first digit 
and inserting a zero signal Gminus-plus couple) 
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. the carry. delay. circuit. 
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in. the carry input.leads C, C’.. Preferably thig: 
is ‘accomplished. by: a simple: switching: arrange=: 
ment which causes. 4. minus-plus. couple. to: be: 
applied: during the. summation of. digits. in the 
first. orders. and: the carry. signal to be applied 
normally. during the remainder. of the number. 

Prior to:'a. discussion. of the: manner in. which. 
the: initial: zero signal is: inserted: in. the: tarry: 
leads. it. will be: helpful to: refer to. that. portion: 
of the. apparatus. used: for. generating the in-- 
serted. zero.. AS. disclosed. in Fig:..1. a zera: gen»: 
erating disk 200 is: employed which: is. mounted 
on shaft.22: and is. rotated. in synchronism with 
the storage gears 20, 21. The disk: 200: is.:com. 
structed: substantially the. same. as: disk: 150: ex-- 
cept. that. the pitch. of the teéth: on. disk. 288 is: 
twice the pitch.of the teeth on-disk (50: A-direct: 
current: is. passed.through the pick-up coil 288: 
which is similar to.coil. 152. As the: reluctance:af:. 
the. magnetic circuit. is changed. by. the. move: 
ment of the teeth past the tip of the cone. am. 
alternating voltage representative .of a. seties:of 
binary. 0’s is produced.as indicated.at 281. This: 
signal:is then amplified in.a. vacuum: tube.ampli«. 
fier 202: which is.conventional in design.. 

Next, the: wave is.shaped.and inverted by pass= 
ing-it. through a flip-flop. device 204 having out. 
put: leads. 208, 206: and. an: unlocking. lead: 284. 
Such. flip-flop. device is equivalent to the. devices; 
42:42” and shown. in detail in-Fig: 7:. The:shaped: 
output signal 288.and its inversion.210 are. next: 
fed:through.a-reversing switch 244 having.output: 
leads. 216; 211:. The reversing switch. may: be: 
passed: over. for the present since it.is: hot. nore 
madlly.employed in the process.of simple addition.. 
Subsequently: the signal: passes through a.double: 
pole single: throw switch 215: which: is: identical’ 
to the single throw: switch 148: previously: re-- 
ferred: to-and which is contained at the output of: 
It: will: be apparent: that: 
with the switch (48 closed: and: with: the switeh: 
215:open, zeros:from the-zero generating: disk 208: 
will be blocked: off. and the circuit will: operata: 
in. the manner previously described... However,. 
with. the reverse condition existing, that is,. with: 
the switch (48: in the:carry: delay. circuit-open: and: 
with the switch 215 from the zero:.generating: 
disk 200 closed: a. constant: stream..of couples 
representative of binary. 0’s will -be. fed:.into: the: 
input leads: C,.C’ of the: summing cireuiti. But: 
as pointed out. above, itis desirable that. a: cero: 
be’ fed into the carry input: leads C, C’ only: ‘dur. 
ing the first'cycle or. digit space. 

Aceordingly; means are provided: for: operating. 
the. switch 245:in such:a.manner that-the switch. 
is closed: only during the: first digit: space of a. 
summation. In the-present instance: this is at. , 
complished: by a switch control disk 220- having: 
teeth or. equivalent magnetic irregularities 2801 at: 
spaced intervals about the periphery thereof and: 
corresponding in positioning to the beginning of 
the: binary numbers on the: storage disks 26, 24. 
A piek-up head 223 cooperates with the disk-22¢ 
to détect. such: irregularities. and: may: be of: tie: 
same type as shown at 152:in-Pig. 3. The Head 
thus: produces pulses 222 which are fed into: ati: 
amplifier. 226 of conventional design to produce: 
direct. and inverted output waves having initial 
peaks synchronized: with. the: initial or: loweat: 
order digits ofthe two binary. numbers fed’ from: 
the storage disks 20, 21. The amplifier output: 
is used ‘to excite-a flip-flop: device 226 having: ‘out- 
put leads 226, 229 and: of the same general’ type: 
previously discussed in- connection with: Fig. 7 
The unlocking pulses for the device 296 ‘are ob="’ 
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tained from an auxiliary disk 230 having mag- 
netic irregularities thereon and fitted with.a co- 
operating pick-up head just as in the case of 
disk 220. To steepen and amplify the wave front, 
the pulses are fed through a peaking amplifier 
23! of a type well.known to those skilled in the 
art before being applied to the pulse lead 224 of 
the flip-flop circuit. As shown, disks 220, 230 
preferably carry the peripheral teeth in groups of 
two with the first producing.a control pulse at 
the very beginning and the second producing a 
control. pulse near the end of the first binary 
digit space. The first pulses are effective. to 
change the flip-flop device 226 to its alternate 
or switched condition and the other to restore it 
to its normal condition. The output of the flip- 
flop device is then applied to the switches 148 
and 215 so that 215 conducts only during the 
first digit space and 148 conducts only during the 
remainder of the spaces comprising a binary 
number. 

While a number of different switch circuits may 

be used to perform the above-outlined function 
without departing from the invention, the pre- 
ferred form of electronic switch is disclosed in 
detail in Fig. 13. The circuit includes four tri- 
Odes 250, 251, 252, 253, having cathodes, grids, 
and plates bearing corresponding reference nu- 
merals with the subscript a, 0, or c respectively. 
In the plate circuits of the triodes 251, 253 are 
included plate dropping resistors 255, 256 re-~ 
spectively. The cathodes are connected together 
in pairs and are grounded through cathode re- 
sistors 258, 259. Referring to the left-hand por- 
tion of the circuit, it can be seen that if the grid 
252> has a relatively large potential applied to 
it, current will flow through a circuit including 
the cathode resistor 259, cathode 252° and plate 
262° thus producing a relatively large voltage drop 
across the cathode resistor. This raises the cath- 
ode potential sufficiently to bias the triode 253 
to cut-off for all values of voltage normally ap- 
plied to the input lead 216. Thus normal varia- 
tions in the signal voltage applied to the input 
lead 216 cannot affect the current through plate 
resistor 256 and the potential at plate 253° thus 
remains fixed. - 
If now the. voltage applied to the grid 252” by 
the. control lead 229 is materially reduced, the 
current drawn by the triode 252 is also materially 
reduced. The effect of the latter is to lower the 
potential of the cathode 253* to the point where 
voltage swings applied to the grid 253° by the in- 
put lead 216 will cause corresponding variations 
in the plate current. These plate current varia- 
tions will result in a varying voltage drop across 
the plate resistor 256 and the input signal will be 
reproduced at the output lead 219. Inherent in 
the latter operation is a 180° phase reversal. The 
latter may, however, be readily compensated for 
merely by interchanging the two output leads 
218, 219, such cross connection being set forth 
in.the circuit shown in Fig. 13. From the fore- 
g0ing it is evident that with a negative potential 
applied to the pulse lead 229 the switch is ef- 
fectively closed, that is, the output voltage cor- 
responds to the then existing value of the input 
voltage. Conversely, with a relatively high posi- 
tive voltage on the pulse lead 229 the switch is 
blocked and no signals are permitted to pas 
through, 

While only the left-hand portion of the cir- 
cuit disclosed in Fig. 13 has been described in 
detail, it will be appreciated by one skilled in 
the art that the right-hand portion operates in 
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In short, the input 
signal at lead 217 produces a corresponding out- 
put signal at lead 218. 

As a result of the action of the flip-flop con- 
trol circuit 226 acting on the double pole single 
throw switches 215, (48, the switch 215 is ex- 
clusively closed only during the first digit space, 
allowing one of the zero digit signals from: the 
disk 200 to be applied to the carry input leads C, 
C’ of the summing circuit. During the remainder 
of the digit spaces switch 215 is open and the 
carry delay circuit operates through switch 148 
to apply a carry signal to. the summing circuit 
as has been previously described. The summing 
of a given pair of binary numbers thus takes 
place independently of the sums taken immedi- 
ately before or after. 


SUBTRACTION 


Subtraction is accomplished in a manner quite 
similar to addition. The primary difference is 
that instead of adding the first number to the 
second, the complement of the first number is 
added to the second number. Broadly this com- 
plement is obtained by inverting the signal of the 
subtrahend in order to reverse the sense of all 
of the couples which make up the number to be 
subtracted. In the present instance such re- 
versal has been accomplished in the channel 
leading from the storage disk 20 by inclusion 
of the reversing switch 81. In its simplest as- 
pect this switch may be a simple manually op- 
erated double-pole double-throw toggle switch. 
Or, as will be apparent to one skilled in the 
art, an electromagnetic reversing switch or even 
an electronic reversing switch of conventional: 
design may be used. Where the computer dis- 
closed herein is to be used as a larger and more 
complete calculating device, an electronic switch 
automatically controlled by a pulsed control line 
is preferred. Such an arrangement is disclosed 
in applicant’s copending application Ser. No. 
76,088 filed February 12, 1949. 

The effect of operating the reversing switch in 
the present circuit is to substitute at the input 
terminals A, A’ of the summing circuit 1’s for 
0’s and 0’s for 1’s. This gives the complement 
with respect to 111... 11 or the largest num- 
ber that the machine will hold. Actually, in or- 
der to obtain a correct result it is necessary to 
use the complement with respect to a number 
1 greater than the capacity of the machine or 
1000 ...00. The true complement is obtained 
in the practice of the present invention by add- 
ing 1 to the complement formed by inverting 
the signal. In accordance with the present in- 
vention this 1 is obtained from the. same chan- 
nel (associated with the zero generating disk 
200) which is used to insert the initial 0 in the 
carry input. leads C, C’. This is accomplished 
in the present instance by inserting the: re- 
versing switch 2141 in such channel preferably 
between the flip-flop circuit 204 and the zero 
control switch 215. The reversing switch 211 is 
of the double-pole double-throw type and may 
be identical with the reversing switch 81 in the 
A, A’ leads and to which reference has previous- 
ly been made. The reversing switch will cause 
an initial 1 rather than an initial 0 to be in- 
serted in the carry leads when the summing cir- 
cuit 82 operates upon the first binary order.. This 
in effect makes the complement 1 greater than 
it otherwise would be thus producing a true com- 
plement and causing the true difference to be 
“written” on the output disk 180. 
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ALTERNATIVE DIGIT ADDER. CIRCUIT: 
USING. MULTIGRID: TUBES. 


4&8 previously. covered, an adder cireuit is dis- 
stosed in Fig. 10 which produces a carry signal 
at its output when either two or three of the in- 
ut teads A, B, C are positive and which further 
produces a write signal when either one or three 
of the input leads are positive. It will be ap- 
parent. to one. skilled in the art. that the in- 
vention is by ho means. limited to the specific 
uirenit of Fig. 10. but includes alternative and 
squivalent circuits utilizing the same. basic teach- 
hgs. One such alternative scheme has been set 
forth In Fig. 11. with the input and. output. leads 
ahéled just as in Fig. 10. 


This circuit also employs cascaded control. 


‘abes biased in accordance with the voltages ap- 
yearing at the leads A, B, C and A’, B’, C’. The 


wimary difference between the circuit. of Fig. 11. 


wd that in Fig. 10 previously discussed is that. 
nultigtid tubes rather than triodés are employed. 
such tubes may be. conventional receiving-type 
rentodes having. control, screen, and. suppressor 
ids. 

Referring in greater detail to Fig. 11 it will be 
een that it includes primary control tubes 
40—246 inclusive and secondary control tubes 
180, 251. Just asin the previous embodiment. the 
econdary control tubes include control elements 
esponsive to the plate current flow in the pri- 


nary control tubes. In the case of each of the 


ubes the electrodes progressing outwardly from 
he cathode toward the plate may be designated 
y the subscripts a-e inclusive. 

To begin with it will be helpful to observe 
he manner in which a carry signal is applied 
it the output lead 85 when two or more of the 
nput leads A, B, C are positive. In the practice 
f the invention the three input. leads A, B,C are 
listributed among the primary control tubes 240, 
#1,-242 such that each of such tubes is.controlled 
y two of the input leads, In each instance the 
uppressor grid ‘is connected directly to the cath- 
@e. Thus, tube 240 is controlled by lines B, C, 
41 by lines A, C, and 242 by lines A,B. Bias is 
etived from a battery or the like 252 which is 
hunted by a bias adjusting potentiometer 254. 
the bias is adjusted so that both the control and 
creen grids in ‘any one tube must be made ‘posi- 


tve before such tube passes plate current. With © 


hly one of the control electrodes positive the 
ube remains cut off. In order that the carry 
utput lead 85 may be responsive to the state of 
snductivity of any one of the tubes 246, 241, 242, 


he cathode potential ‘of the tubes is caused to | 


wing through a relatively wide range. This is 
fected by: means of a cathode resistor 255 which 
} common to all of the above-mentioned tubes. 
n effect, therefore, the tubes 240, 241, 242 con- 
situte a cathode follower responsive to certain 
smbinations of input voltages. 

‘To prevent the control tubes from drawing 
rid current, grid resistors 256 are placed in 
srles with the control grid in each instance. -As 
‘result it has been found that the control grids 
fe never driven appreciably above cathode po- 
ytial, If all three of the input leads A, B, C 
re made positive with respect to ground (corre- 
yonding to an input of three binary 1’s) all three 
t the tubes are conductive.. However, the cath- 
je resistor 255 preferably has a value ‘such that 
hen one tube is conducting the voltage drop 
sross the tube is small as compared to the voit- 
ve Grop across the resistor 255. Thus, the volt- 
ye drop across the resistor and the voltage of 
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output. lead 85 ‘will be substantinity. the same 
whether one, two or three tubes are conducting: 
It is clear, then, that.this. portion of the circuit 
fully meets the condition that a positive output 
signal be produced when either two or three of 
the input leads A, B, C are positive. 

Attention will next be.given to the right-hand 
portion of Fig. 11 which ‘applies a positive voltage 
to the write output lead $4 when either one or 
three of the input leads A, B, C are positive. It 
will be noted that the remaining primary. control 
tubes are paired, the cathodes of tubes 243, 244 
and 245, 246 being respectively: connected te 
gether. The control electrodes of tubes 243 ‘are. 
connected to leads C, B’ while those of tube 244 
are connected ‘to B, C’. The cathodes are ‘com. 
nected to a cathode resistor 258 which enables 
the cathode output lead 259 to swing: with ‘re- 
spect to ground. With the circuit connected as. 
shown it will be apparent that the cathode output: 
lead 259 will swing positively only when ‘C; B’ ‘or 
B,C’ are‘ positive. In terms of B ‘and C alone, 
an output signal will be produced ‘at the lead 269: 
when either B or C are positive but not when 
both are positive. 

‘Reference may next be made to the secondary 
tube 250 having its screen 250¢ connected to: the - 
output of tubes 243, 244. The control grid 250» 
is connected to the input terminal A’: The tube 
250, similar to the other tubes in the present. 
embodiment, is connected as a cathode follower 
having. a cathode resistor 260. The write out- 
put lead 84 is connected directly to the cathode 
of this stage. Here again it is necessary for 
both grids to be positive for plate current to flow. 
That is to say, it is necessary for A’ to be posi~ 
tive and for either B or C (but not both) to be 
positive. The latter condition, it will be recalled, 
is due to the conductivity conditions: set up for 
tubes 243, 244. In summary, therefore, conduc- 
tion will take place in the secondary. output. tube 
256 producing a positive output signal on the 
write lead 84 when the following conditions are 
met: 

A-minus 

‘B-plus 

C-minus. 
or 

A-minus - 

B-minus 

C-plus 


In order to satisfy the remaining fequiretherite, 
additional primary control tubes 245, 246-are used 
feeding into secondary control tube 251: In the 
case of tube 245 the grids are controlled by input 
lines B’, C’ while the grids of tube 246 are con-. 
nected to the input leads B,C. These tubes have 
@ common cathode resistor 261 and are likewise. 
biased so that. both of the grids must be positive 
to:-produce conduction. The cathodes.are jointly 
connected to an output.lead 262. A positive sig-. 
nal is applied to the latter output lead only when 
B and C are both positive or both negative, and 
under. such conditions a positive voltage.is ap- 
plied to the sereen grid 251° of the tube 261. 
The control grid 251% on the other hand is con- 
nected directly to input line-A. The cathode of 


) this tube is directly connected to the write output 


lead 84 which shares the cathode resistor 260. 

It will be apparent from the foregoing that the 
tube 25! conducts to produce a positive write sig- 
nal when A is positive and when B and C are 
The two-eongi-~_ 
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tions of conductivity may be summarized as fol- 
lows: 
A-plus 
B-minus 
C-minus 


A-plus 
B-plus 
C-plus 


Adding these two conditions to the two conditions 
previously set forth in connection with the sec- 
ondary output tube 250 we see that a write signal 
is produced when either a single one of the input 
leads A, B, C is positive or when all three are 
positive. In terms of function, a binary 1 is 
“written” when either one or three binary 1’s ap- 
pear at the input. 

In order that the parallel between the circuit 


described immediately above and that previously . 


discussed may be more clearly drawn, a table of 
over-all operating characteristics may be set up 
which corresponds generally to Table I as fol- 
lows: 


a 


ly, at the cathodes of tubes 243, 244 and 245, 246 
and at the write and carry output leads 84, 85. 
The pulse and data signals derived from the data 
disks and shown. in Fig. 10a apply here equally 
and consequently need not be repeated. In both 
circuits the signal at the write output lead 84 
consists of couples representative of the binary 
number 001001. 


. ALTERNATIVE DIGIT ADDER CIRCUIT. . 
; USING DIODE RECTIFIERS 


In accordance with one of the more detailed 
aspects of the invention another alternative 
adder circuit using unidirectional electronic de- 
vices is the form of diodes instead of grid con- 
trolled rectifiers is disclosed in Fig. 12, The 
wave forms applicable to the circuit of Fig. 12 
are to be found in Fig. 12a. ; 

Just as in the case of the previous two summing 
circuits (Figs. 10 and 11) input leads A, B, C are 
provided on which are respectively received cou- 
ples corresponding to first and second data sig- 
nals together with a carry signal all representa- 
tive of binary digits. The inverse or comple- 


Table IT: 
; 1 1 { 

Tube Tube Tube Tube Tube Tube Tube | Tube 250| Tube 251; Write | Carry 
240 241 242 243 244 245 246 (A-243, (A~245, Out- Out- 
(B-C) | (A-C) | (A-B) (C-B’) | (CB) | (C’-B | (C-B) 244) 246) Put Put.. 

. te oe Bate RS ; 
Cc Cc Cc Cc Cc | vA Cc Cc Cc minus.| minus 
Cc Cc Cc Cc c Z Cc Cc Z pius...| . Do, 
Cc . Cc C Cc Z Cc 19) Zz c --do_..| * Do. 
Corpo a c Z Cc Cc Cc Z Cc -do...| Do. 
Cc eee. Z Cc Z Cc Cc Cc Cc minus.| plus. 
Cc j; z@ Cc Z Cc Cc Co Cc Cc --do...| - Do. 
Zi1-€ Cc Cc Cc oO Z Cc Cc ---do. Do. 
Zz Zz Zz c c oC Zz Cc Zz -plus...| Do. 


C-Cut-off. Z-Conducting. 


The letters in parenthesis directly under the tube 
numbers for tubes 243—246 indicate the leads 
which supply the grids of that particular tube. 
The characters directly under tubes 250 and 251 
indicate that the input-lead A’ or A must be a 
plus voltage and, in addition, certain tubes as 
indicated must be conducting. It will be seen 
that the signals on the write and carry leads as 
listed at the right-hand portion of the table cor- 
respond exactly to the conditions listed in Table I. 

The alternative scheme of Fig. 11 is merely rep- 
resentative of the various forms the circuit may 
take without departing from my basic teachings. 
If desired, a portion of the tubes may be of the 
multigrid variety while the remainder.may be 
simple triodes. For example the tubes in the 
left-hand portion of Fig. 11 indicated at 240, 241, 
242 may. be replaced by a pair of triodes con- 
nected as shown at 86,87 in Fig. 10. In the latter 
event it will, of course, not be necessary to con- 
nect the plate terminal to the resistor 115 shown 
in the latter figure. Nor is the invention limited 
to the use of tubes having two control grids since 
it will be obvious to one skilled in the art that the 
teachings are applicable to tubes other than re- 
ceiving type tetrodes. One important factor is 
that there bea bank of tubes employed as pri- 
mary control tubes and excited directly from the 
input lines together with a bank of secondary 
control tubes which are controlled in accordance 
with the state of conductivity of the primary 
control tubes. Also a significant feature common 
to the circuits of Figs. 10 and 11 is the use of the 
inverted as well as the direct input signal for 
controlling the primary control tubes. 

Pig. 1la shows the voltages existing at four 
significant points in the circuit of Fig. 11, name- 
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mentary signals are, as before, received on the 
respective primed input leads designated A’, B’, 
Cc’. The output leads of the circuit of Fig. 12 
comprise a write lead 84 and a carry lead 85. 
Combinations of the instantaneous potentials on 
the six input leads are effective, through the dis- 
closed circuit, to produce a desired voltage con- 
dition on the write lead when one or three of the 
leads A, B, C are positive and to produce the de- 
sired condition on the carry lead only when two 
or three of the leads A, B, C are positive. 

Referring to the circuit of Fig. 12 for accom- 
plishing the above it will be seen that two banks 
of rectifiers are employed. The first bank 351 
consists of what may be termed “primary” recti- 
fiers connected in groups of three to terminals 
352 to 358 inclusive. These rectifiers are con- 
nected in the various possible combinations to the 
input leads A, B, C and A’, B’, C’. For purposes 
of convenience each has been designated: by. a 
reference numeral corresponding to the termi- 
nal and line to which it is connected. For ex- 
ample, the first rectifier is designated 352A to in- 
dicate that it is connected between the termina] 
352 and the line A. 

Each of the terminals 352~358 inclusive is 
grounded through a resistor, such resistors being 
designated 362 to 368 inclusive. The magnitude 
of the resistance is preferably high as compared 
to the forward resistance of the rectifiers. The 
rectifiers themselves may consist of crystals ol 
germanium commercially designated 1N34. Ii 
desired, however, such rectifiers may be formed 
of other materials having a backward resistance 
which is high as compared to the forward resist- 
ance and may even consist of yacuum tube recti- 
flers such as one-half of a type 6H6 yacuum tube 
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The operation of the circuit thus far described 
will be: made clear by considering what occurs in 
the group of rectifiers at the left-hand portion of 
Fig. 12 under various conditions of applied line 
voltage. It will be noted that the rectifiers are 
respectively connected to input lines A, B’ and 
Cc’. If.any of these lines should at-any given in- 
stant be positive, current will flow through its 
associated rectifier, through the series resistor 
362, to ground. Since the ‘series resistor is of 
relatively high resistance, the output terminal 
352 of the rectifiers during current flow will as- 
wume-.a potential which is substantially equal to 
the positive line potential. If, on the other hand, 
the instantaneous value of the voltages on the 
res A, B’,-C’ are all negative, then no current 
will flow through any of the rectifiers and the 
rectifier output terminal 852 wili be substantially 
at ground potential. Thus, in the case of the 
first group of rectifiers the condition which must 
be met in order to have terminal 352 near ground 
potential is to have a negative voltage on line A 
and positive voltages on lines B and C. 

The remainder of the rectifier groups and the 
esociated resistors operate in the same manner 
‘except that they are connected to different com- 
binations of the six input terminals. Just as in 
the case of the first group of rectifiers, a certain 
combination of voltages on the input leads will 


cause the output terminal to be near ground po- 2 


tential. It will be seen that there is only one con- 
dition of the input lines which will cause each of 
the terminals 362—358 to be near ground poten- 
tial. Such conditions are summarized in the fol- 
Jowing table: ; 

Table IIT 


Voltage Condition of 
Lines A, B, C, to 
Causé Terminal to be 
Near Ground Poten- 

ja. 


Terntinal 


Qa 


Positive 


t+ootott 
ot et et DD BD DD 


In the practice of the invention the output 
voltages of the rectifiers obtained at terminals 
352—-358 are divided for feeding into circuits 
associated with the write output lead 84 and the 
carry output lead 85. Such division is accom- 
PHshed in a manner such that a predetermined 
output voltage exists on the write lead 84 when 
either one or three of the input leads A, B, C 
are positive and further, so that a predetermined 
output voltage exists on the carry lead 85 when 
either two or three of the input leads A, B, C are 
positive. From the above table, it will be ap- 
parent that to satisfy this condition terminals 
352—254 should be associated in one group and 
terminals 356-358 formed into a second group. 
Terminal 355, which is near ground potential 
when the leads A, B, C are all positive, is in- 
cluded with each of the groups since this con- 
dition requires both writing and carrying. 

In order that predetermined voltage conditions 
at the terminals 3§2—358 may cause a signal to 
appear on the appropriate output line and in 
erder to isolate the output lines against unde- 
sired voltage conditions, an additional bank of 
“secondary” rectifiers is used. Thus terminals 


10 


20 


40 


45 


50 


60 


65 


70 


75 


26: 

362—355 are connected to the carry output lead 
85 through rectifiers 312—315 and terminals. 
355—-358 are connected to the write lead 84 
through rectifiers 316—319. So that the voltage 
on the carry output lead 85 might swing between 
predetermined limits, the line is connected to:a 
source of potential 384 through a series resistor 
385. Correspondingly, the output lead 84 is con- 
nected to the source of potential 384 through .a 
series resistor 386. In operation, the existence 
of a positive potential at one of the rectifier 
terminals, for example terminal 352, causes -a 
fiow of current to ground through the associated 
resistor, here 362. Since the resistance of the 
series resistor 362 is high, the terminal 352 as< 
sumes a positive potential substantially that of 
the positive line to which it is connected. With 
the terminal 352 positive there is no effect what- 
soever on the associated output lead since the 
rectifier 372 is so polarized as to perform: an 
isolating function. 

-Preferably, the resistors 385,-386 are of a high 
resistance as compared to the resistors 362—368. 
For example, in a practical embodiment the: re- 
sistors 385, 386 may be approximately. one 
megohm while the resistors 362—368 are on the 
order of 100,000 ohms. The voltage of the po- 
tential source 384 is so adjusted that with..all 
of the terminals 352—358 positive,-no current will 
fiow through the resistors 385, 386. Under such 
circumstances the voltage existing at the output 
leads 84, 85 will be substantially the same as 
that of the potential source 384. 

The voltage on the output leads changes 


‘markedly, however, when one of the associated 


rectifier terminals, for example terminal 352, ts 
reduced to substantially ground potential. The 
latter can be clearly seen by noting the path of 
current flow with terminal 352 at. ground po- 
tential. The circuit under such circumstances in- 
cludes the potential source 384, the series re- 
sistor 385, the rectifier 372, and the resistor 362. 
Due ‘to the fact that the resistor 385 is large as 
compared to the resistor 362, most-of the voltage 
drop will occur across the resistor 385 thereby 
reducing the potential on the output lead 85 
substantially to ground potential.- The poten- 
tial oh the lead 85 is reduced to near ground 
potential in exactly the same manner whenever 
the potential at any one of the terminals 353—-355 
is correspondingly reduced. In short, the volt- 
age on the carry output lead 85 is reduced to 
substantially ground potential whenever two or 
three of the input leads A, B, C are positive. 
This condition, occurring during the first half 
of a digit space in the present circuit; causes a 
binary 1 to be inserted in the summation of the 
next higher order. The right-hand portion .of 
the circuit operates in similar fashion: Whenever 
any one of the terminals 355—358 is reduced 
to ground potential, the voltage at the output 
leal @4 is reduced to substantially ground po- 
tential. When this condition obtains during the 
first half of a digit space, a write 1 signal.is pro- 
duced at the output lead 84. ; 
‘Comparing this circuit to the other. two alter- 
native circuits disclosed in Figs. 10 and 11 it will 
be noted that the voltages produced at the out- 
put leads 84, 85 are just the reverse of those pre- 
viously obtained. That is to say, zero output 
voltages are obtained on the write and carry 


leads for conditions which produced positive 


voltages in the previous circuits. This state of 
affairs, however, is readily compensated for 
merely by interchanging the direct and reverse 
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output leads of a subsequent stage, for example, 
the output leads of the phase inverters IT! and 
(30 (Fig. 1) respectively associated with the 
leads 84, 85. 

In order that the operation of the circuit of 
Fig. 12'may be understood more completely, the 
wave forms of the signals existing at various sig- 
nificant points in the circuit have been set forth 
in Fig: 12a. As in the previous representations 
of wave form, the waves shown in Fig. 12a are 
assumed to be travelling waves progressing to 
the right. The digit spaces from the lowest order 
to the highest have been set off by vertical lines 
and have been designated a to f inclusive. The 
last two of the waves designated 390 and 39! 
represent the write signal and the carry signal 
on: the lines 84, 85 respectively. As pointed out 
above, the polarity of the latter signals is. just 
the reverse of that shown in Figs. 10a and Ila. 
Upon simple inversion, the intelligence carried by, 
the write signal is seen to be 001001 showing 
clearly that the same answer is written regard- 
less of the particular one of the summing cir- 
cuits which may be employed. 

Not only is the result the same under a given 
set of input voltage conditions but the circuit 
itself is similar in a number of respects to the 
two others (Figs. 10, 11) previously discussed. 
Each uses rectifiers which may be referred to as 
“unidirectional electronic devices” or valves. 
Thus, the first circuit uses vacuum tubes with 
single control grids, the second uses vacuum tubes 
with multiple grids, and the third employs crys- 
tal. diodes. In all the circuits there is a set of 
input. valves.responsive to the coincidence of 
input voltages and a set of output valves with 
the former serving in predetermined combina- 
tions to control the instantaneous condition of 
conductivity, and thus the output, of the latter. 
Also, in all three embodiments illustrated the 
input is arranged to be controlled jointly by both 
direct and inverted input leads which greatly 
simplifies the circuit and increases reliability of 
operation. As will be recognized by one skilled 
in the art, the circuits, despite their similarity, 
have individual advantageous features which will 
dictate which of the circuits should be employed. 
The embodiment. using crystal diodes, for ex- 
ample, has the advantage of extreme compact- 
ness and long life. 


-COMPARING AND ALARM CIRCUITS 


_ It.is clear from the foregoing description that 
throughout the present computer each binary 
digit is represented by a couple, the couple con- 
sisting of plus-minus or minus-plus voltages de- 
pending upon whether the binary digit is a 1 or 0. 
In accordance with one of the aspects of the in- 
vention, the reversal of polarity taking place for 
each binary digit is utilized in a novel manner 
to make certain that the system is performing 
the computation accurately. To do this the sig- 
nal resulting from the computation and appear- 
ing, for example, on the write leads (12, 114 is 
passed through a comparing and alarm circuit 
300. This circuit includes provision for check- 
ing to insure that the second half of each digit 
couple of the answer is the complement or re- 
versal of the first half of the digit couple. Upon 
failure of practically any element in the circuit, 
the two halves of the digit couple will not be 
complementary but will be of the same polarity. 
The circuit is arranged so that the latter condi- 
tion causes an alarm to sound and the computer 
may then be stopped until the trouble is located 
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and ‘corrected. The circuit for accomplishing 
the above is disclosed in block form in Fig. 1 to 
which reference is made. The signal from write 
leads 172, 174 representing the answer is fed 
into two channels, one consisting of two serially 
arranged flip-flop devices 301, 303 and the sec- 
ond consisting of a single flip-flop device 302. 
Each of the latter is of the same type previously 
discussed in connection with Fig. 7 and each is 
supplied with an unlocking pulse from an alarm 
pulsing disk 305-and a dual pulse generator 306: 
The pulse generator is generally of the same type 
as that shown in Fig. 4 and previously described 
except that only. one pulse per digit space rather 
than two is obtained from the disk 305. As a re- 
sult a-sharp pulse is produced on output lead 319 
at the beginning of each digit space and on the 
second output lead 3if at the middle of. each 
digit space. pe ye 

The pulsing lead 310 is connected to the flip- 
fiop device 304 so that the latter assumes a con- 
dition representative of the condition of polarity 
on the leads 1172, {74 during the first portion 
of a digit space. The flip-flop device 303 on the 
other hand is pulsed at the middle of a digit 
space and consequently assumes a condition. of 
polarity which is determined by the polarity of 
the output leads of the flip-flop device 301. - 

It will be noted that the flip-flop device 302 is 
likewise connected to the pulse lead 3i{/ and is 
thus unlocked at the middle of a digit space. 
Stated another way, the flip-flop device 303 is 
temporarily locked into a condition representa- 
tive of the first half of the digit couple and the 
fiip-flep device 362 is simultaneously locked into 
a condition representative of the second half of 
the digit couple: If the digit is properly repre- 
sented, the coexisting outputs of these two flip- 
flop devices should be complementary. If they 
are the same, it is desirable to operate.an alarm | 
to call this error: to the attention of the cperator. 
The latter is preferably accomplished by a com- 
paring and alarm circuit 312 set forth in detail 
in Pig. 6. ; 

The preferred circuit for sounding an alarm 
when the outputs of the flip-flop devices 302, 383 
are non-complementary, includes a pair of double 
grid vacuum tubes 328, 82! (Fig. 6). The ele- 
ments of the tubes may be designated with corre- 
sponding reference numerals with the subscripts 
a, b, c, or d progressing outwardly from the cath- 
ode. For purposes of convenience the input lines 
have been designated 324, 325, 326, 327. As 
shown, the contro] grids of the tube 320 are con- 
trolled by lines 324, 326 from the flip-flop devices 
332, 303 while the control grids of the tube 321 
are controlled by the remaining input lines. The 
characteristics of the tubes are such that both of 
the grids must be made substantially positive for 
conduction to take place from a suitable plate 
voltage source 333. Since the cathcdes of the 
two control tubes are connected in parallel and 
grounded through a cathode resistcr 339; the cath- 
ode terminal 33{ will swing positive whenever 
conduction occurs in at least one of the tubes. 

In the preferred form of the invention the posi- 
tive swing of terminal 331 is applied to the grid 
of a grid controlled gaseous rectifier or thyra- 
tron 332. As is characteristic of the latter type 
of tube, exceeding a predetermined grid voltage 
causes breakdown between the cathode and plate; 
and the resulting flow of current is employed to 
actuate an electromagnetic relay 334. Contacts 
335 associated therewith close the circuit of any 
desired type of alarm device 326. Resetting is 
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-aacemmitshett hy means of resetting switch 338 
whinh is-effective to momentarily open: the: plate 
*eirenit. and: thus cause: conduction to cease, re- 
staring control. te the thyratron: grid. 

During nerma] operation. the petential existing 
‘gt the input lead 324 will normally be the opypo- 
‘give of that existing at the lead 826. Likewise 
the: potential. on the: input lead 326 will be the 
apposite from that existing on the remaining -in- 
put lead 227. Accordingly, during normal epera- 
tien, the grids in neither one ef the contre] tubes 
228, 821: will be positive at the same time.and eon- 
éyetion. will not take place. However, should the 
couple existins on the answer leads +%2, 174 be 
‘defective and not have first-and-seeond portions 
which-are eamplementary, then the potentials ex- 
isting om the leads 324, 326 will be both positive 
‘er both negative. If they are both positive con- 
@uchion Will take plaee in the tube 320, while if 
-‘tiey are beth negative, then the potentials on 
the leads 325, 327 will necessarily be both posi- 
tive. snd conduction will take place in tube.321. 
i either event an alarm is:sounded. 

. While cheeking the couples at the output con- 
stitutes an adequate guarantee of accuracy, it will 
-be apparent that additional alarms may be em- 
ployed 4a meniter other. eixeuits carrying binary 
eouples in exactly the same manner. For exam- 
ple, the imput leads of the flip-flop devices 30{ and 
302 could ‘be connected to the input leads A, A’, 
B BY er ¢, €’ of the summing circuit. 


PRACTICAL. DESIGN CONSIDERATIONS 
With the above description in mind it is readily 


® practical computer. While certain design de- 
‘falls have been alluded to above, tt will be help- 
ful te summarize the features: which have been 
‘fnotuded im a workable embodiment. A con- 
venient speed of rotation for the shaft 22 has 
‘been found to be 1800 R.:P. M: Four binary 
mttibers are recorded on.a single data disk four 
‘mches in diameter, each number having 25 digit 
spaces allotted thereto. Since it takes 42 of 
@ second for the shaft to rotate through one- 
‘quarter of a revolution, and since the circuit per- 
forms the process of addition in step with the 
-reading ef the data from the data disks, only 
“Mee Gf a second ts required for the addition -of 
two 26-dieit binary numbers. To take full ad- 
*antace of this speed all that is necessary is to 
previde any desired means including additional 
“heeds for constantly recording fresh data on the 
Gate disks 28, 24-and for reading off the answers 
as they appear on the output. disk #80. An 
‘exemplary arrangement. for accomplishing the 
latter is shown in my copending applications 
Berial No. 76,088 filed February. 12, 1949 and 
Serial No. 157,369 filed April 21, 1950. Erasure 
is not. required since the recording of data in 
magnetic form completely obliterates any previ- 
‘ous data existing thereon. In the case of num- 
pers Jess than 25 digits in Jeneth, the remaining 
-places of higher order are filled with binary zeros. 

With regard to tube types it has heen found 
thats any vacuum tube having the appropriate 
number of elements is sufficiently fast, and the 
ohaice may thus be based on considerations of 
power, amplification factor and physical size. 
Fer example, I prefer to use type 6SN7 as a basic 
double triode and the 6SL7 as an ampHfier in 
‘view of its higher amplification factor. The dou- 
ble grid tubes may be of the type 6SJ7.. In order 
to produce sufficient output power prior to re- 
-cording, the recording amplifier includes type 
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‘6V6 output tubes. Corresponding types. of minia- 


ture and sub-miniature tubes may be employed 
if desired for maximum compactness. Using the 
principle outlined herein it is possible to. con- 
struet: a computer capable of addition and sub- 
traetion. of binary. numbers: using only about: 60 
‘tubes which is but a:small fraction of those nor- 
mally thought to be necessary for handling 25- 
digit. numbers. It is also noteworthy that num- 
ers: even several times larger may be handled 
without increasing the tube complement. by as 
much as ene tube, the only change being in the 
size.of the data disks, Thus it is seen that the 
capacity. of the computer may be readily varied 
by the mere substitution of mechanical elements 


‘and. without. modification of the. electrical ait 


euits. 

I claim.as my: invention: 

1. In a digital computer for summing a pair 
of numbers the. combination comprising first.and 
second magnetic storage devices each having 
Means including a member movable relatively 
thereto. for reading stored numbers and convert- 
ing them into respective trains of successive volt- 
age impulses, a digit, adding circuit. having its 
input eonnected for response to said trains of 
voltage impulses and having in addition write 
and carry output leads,:means including a:mag- 
netic reeording device having a member movable 
relatively thereto for storing a number repre- 
sentative of the sum of said pair of numbers jn 
aeeordance with voltage impulses produced -at 
said write output lead, a carry delay circuit 
responsive to the voltages at said carry output 
lead for feeding into the input of said digit. add- 
ing circuit a train of delayed voltage impulses 
representative of a succession of digits respee- 
‘tively carried from one order to the next higher 
erder, means ineluding a magnetie synchroniz- 
ing .device having .a. member movable relative 
thereto for unlocking said carry delay circuit, 
all of said relatively movable members being 
eeupled for movement in unison so that each 
order of the sum is synchronously recorded im- 
mediately after the summation of the digits of 
‘corresponding order. 

2. In a digital computer for summing a pair 
of numbers the combination comprising first and 
second data, storage devices each having means 
including a. movable member for reading num- 
bers stored therein and converting them into 


‘respective trains of successive voltage impulses, 


means for positively driving the movable mem-r 
bers with the latter coupled together, a digit 
adding cireuit having three input leads, two of 


which are connected for resronse to said trains 


of voltage impulses and having write and carry 


output leads, means for recording a number Frep- 


resentative of the sum of said pair of numbers 
in accordance with voltage impulses produced 
at said write lead, a carry delay circuit respon- 
sive to the voltages at said carry output lead 
for feeding into the third input lead of said digit 
adding circuit a train of delayed voltage impulses 
representative of a succession of digits respec- 
tively carried from one order to the next higher 
order, synchronizing devices inserted in the in- 
put leads of said digit adding circuit, and means 
coupled to said driving means for simultaneously 
unlocking said synchronizing devices to insure 
that voltage impulses of corresponding order are 
applied to said digit adding eircuit in exact syn- 
ehronism. 

3. In a digital computer for summing ‘a pair 


‘5 of numbers the combination comprising first and 
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second data storage devices each having means 
including a relatively movable ‘member for read- 
ing stored numbers.and converting them into re- 
spective trains of successive voltage impulses in 
which the binary digits 1-and 0 are represented 
‘by a plus-minus and minus-plus. voltage cou- 
ples, a digit adding circuit having three input 
leads, two of which are connected. for response 
to said trains of voltage impulses and having in 
addition write and carry output leads, means in- 
‘cluding a relatively movable member for record- 
ing a number representative of the sum of said 
pair of numbers in accordance with voltage .im- 
pulses ‘produced at said’ write lead, a carry de- 
lay: circuit responsive to the voltages at said 
catry output lead for feeding into the third 
input lead of said digit adding circuit a train of 
delayed voltage impulses representative of a suc- 
cession of digits respectively carried from one 
order to the next higher order, synchronizing de- 
vicés inserted in the input circuits of said digit 
adding circuit for controlling the time of admis- 
sion of the voltage impulses, and pulsing means 
including a movable member for simultaneously 
unlocking said synchronizing devices, all of said 
movable members being coupled for: movement in 
‘unison: 

4. In a computer as. a subcombination ¢ a digit 
adder comprising three input Jeads, a write -out- 
put lead, and a carry output lead, said input leads 
being connectable to a source of potential ca- 
pable of applying a voltage impulse to all or part 
of said input. leads corresponding to binary digits, 
means including a plurality of input vacuum 
tubes having their grids controlled by said input 
leads, write and carry output circuits including 
vacuum tubes having their grids rsepectively di- 
‘rectly coupled to the plate circuits of said input 
vacuum tubes and having their plates respec- 
tively connected to energize said write and carry 
output leads, said vacuum tubes being so con- 
nected that. a voltage impulse on cne or three of 
said input leads causes an impulse of predeter- 
mined polarity to appear on said write lead while 
an impulse on at least two of said input leads 
causes an impulse of said polarity to. appear on 
‘said carry lead. 

‘5. In a computer as a subcombination a digit 
adder circuit. comprising three direct input leads, 
and three inverted input leads, said input leads 
being connectible to a source of control potential 
capable of. applying a predetermined voltage ‘to 
all or part of said direct input leads and capable 
of applying an opposite voltage simultaneously 
to corresponding ones of said inverted input 
leads, said voltages being representative of binary 
digits, means including a first bank of unidirec- 
tional electronic devices controlled by said input 
leads, write and carry output circuits including 
@ second bank of unidirectional electronic devices 
arranged for control by said first bank of uni- 
directional electronic devices and connected to 


energize said write and carry leads; said uni-. 


- directional electronic devices being so connected 


that application of said predetermined voltage to 


one or three of said direct input leads causes an 
output voltage to appear on said write lead while 
application of said predetermined voltage to at 
least two of said input leads causes an. output 
voltage to appear on said carry lead. 

-6. In: a summing circuit for use in a computer 
employing the binary system of numbers, the 
combination comprising three direct input leads 
adapted for carrying voltage signals of a polarity 
representative ofa first data digit, a second data 
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digit and a carry digit respectively: three in- 


‘verted input leads adapted for carrying voltage 


signals which are the respective inversions of 
the signals on the direct input leads; a write out- 
put lead and a carry output lead; first primary 


‘control tube means, one set of said input leads 


being connected to the input circuit of said first 
primary control tube means, the latter being 
biased to a point requiring two of said leads to 
be positive for conduction to take place; means 
associating the plate circuit of said primary. con- 
trol tube means with said carry lead so that said 
carry lead has impressed thereon a voltage rep- 
resentative of a carry digit when at least two of 
said ‘direct input leads are positive, said input 
leads being further connected to the input cir- 
cuits of additional primary control tube means, 


‘and. secondary control tube means having an 


input circuit controlled jointly by the potentials 
existing in the plate circuit of at least.a portion 
of said primary control tubes, the plate circuit 
of said secondary control tube means being asso- 
ciated with said write lead, and said secondary 
tube means being so biased and arranged that 
a voltage representative of a write digit is im- 
pressed upon said write lead when either one or 
three of said direct input leads aré positive. : 

7. In a binary computer the combination com- 
prising data ‘sources supplying first and second 
data signals each, said signals consisting of a 
voltage train made up of a series of voltage im- 
pulses varying either positively or negatively from 
@& mean reference value to represent a series of 
binary digits, means for overating on such sig- 
nals to produce along with said data signals 
additional signals which are the respective in- 
versions thereof, and a summing circuit having 
input. valves therein, said-input.valves being con- 
nected, to respond not only to said data signals 
but to said inverted signals as well, and means 
including output valves in said summing circuit 
and connected for direct control by said input 
valves to produce at the output terminals of the 
summing circuit a train of voltage impulses indi- 
cative of the sum of simultaneously received 
trains of voltage impulses representing said data 
signals. 

8. In a binary computer the combination com- 
prising data sources supplying first and second 
data signals, said signals each consisting of.a 
train of plus-minus and minus-plus voltage 
couples to represent a series of binary digits, 
means for operating on such Signals to produce 
along with said data signals additional signals 
which are the respective inversions thereof, and 
a summing circuit having input tubes therein, said 
input tubes being connected to respond not only 
to said data signals but to said inverted signals 
as well, and means including output tubes in said 
summing circuit and directly coupled to said in- 
put tubes to produce at the output terminals of 
the summing circuit a train of voltage impulses 
consisting of voltage couples indicative. of the 
sum of the simultaneously received train of 
couples representing said data signals. 

9. In a high speed digital computer the com- 
bination comprising a computing circuit for re- 
ceiving problem data in the form of a series of 
voltage impulses and for acting upon such data 
in a predetermined manner to produce a series of 
voltage impulses representative of the answer to 
a@ problem, first and second devices for storing 


‘problem data and each including a circular disk 


having at its outer edge a series of peripherally 
spaced areas of retentive magnetic material 
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-potatized- to represent‘said data and-including-an 


-eleetromagnetic armature having: poles:for' coop- 
-eration with said magnetic areas successively upon 
rotation .ef. said-member, means for -feeding -the 
data .to-said computing circuit, : and. means .in- 
eluding -a -Synehronizing . disk -arivingly -coupled 
to said-storage disks. for.producing sharp pulses 
-for triggering the feeding means to insure that 
the data is fed into said. computing eircuit in exact 
synchronism. 

‘10..In.a computer for performing addition ‘of 
two binary numbers order'by order, a:delay device 
Tor delaying a digit signal one digit ‘interval “in 
order ‘to carry’the digit represented thereby ‘from 
one order to the next-higher-order comprising, In 
combination, means including’ a data ‘source for 
producing couples consisting of ‘rectangular first 
-and second half waves of opposite polarity ‘with 
‘the order of the. polarities denoting which of the 
‘two'binary digits is represented, four serially con- 
nected flip-flop circuits each having output” ter- 
‘minals which ‘correspond ‘in polarity to the input 
terminals upon receipt of ‘an unlocking pulse ‘the 
‘first one of “said flip-flop circuits: being ‘supplied 
by Said data -souree, and means ‘for supplying 
unlocking -ptilses ‘to the first-and ‘third ‘6f said 
serially connected ‘flip-flop: circuits-at the-center 
portion of each of said half waves while ‘supplying 
unlocking pulses to the-seeond and-fourth fiip- 
‘flop’ circuits at <a: quarter-wave ‘interval there- 
-after, the rectangular nature of the wave enabling 
accurate response of. said first flip-flop ‘circuit -in 
spite of-discrepancies. of synchronization between 
‘the: waves and the unlo¢cking pulses. 

-Y1. Ina digit -adder: circuit for -use-in a ‘com- 
‘puter-employing 'the binary system of ‘numbers, 
‘the ‘combination ‘comprising ‘three ‘direct ‘input 
-leads: adapted ‘for carrying -yoltage -signals of -a 
-polarity :representative of -a first “data digit, a 
-second ‘data digit and-a:carry digit-respectively; 
three ‘inverted input leads ‘adapted ‘for carrying 
‘voltage signals which are the respective inver- 
‘stons.of the signals on‘the direct input leads; a 
write output-lead:and’a carry ‘output lead; ‘a first 
-primary: control tube, ‘said inverted ‘input leads 
‘heing ‘connected to the input circuit of said first 
-primary: control tube for joint control thereby, the 
latter being biased toa point requiring two of ‘said 
leads -to be positive -for conduction ‘to take :place, 
the plate: circuit:of the tube being associated-with 
said carry lead-so that said carry lead has im- 
‘pressed thereon a ‘voltage representative of a 
-carby digit when at.least two of said-direct input 
leads. are ‘positive; -second and third-primary con- 
‘trol tubes, said: direct:input-leads being connected 
to ‘the input -circuits of said second and third 
‘primary control :tubes for joint -eontrol thereby, 
‘the latter being biased to ‘points -respectively re- 
quiring one-and -three-of said-direct input -leads 
to be .positive -for.conduction to take place; and 
means including:a-seecondary control tube-having 
its input: circuit controlled jointly ‘by the poten- 
tials existing at the plate terminals of -said pri- 
-mary control tubes ‘and biased to a: point requiring 
at least two of said terminals ‘to be ‘highly posi- 
‘tive for conduction to take place, the plate circuit 
-of ‘Said ‘secondary control tube being associated 
with said write lead so that a voltage representa- 
tive of a -write digit is impressed upon said write 
‘lead when. either: one or three of said direct input 
leads are positive. 

12. In.a digit adder circuit for use in a-.com- 
puter employing the binary system of numbers, 
the -combination comprising ‘three direct input 
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leads -adapted for carrying voltage-signals-of 4 


polarity: representative of-a.first data digit,a sec- 


“ond data digit and -a:‘earry digit -respectively; 


three ‘inverted -input -leads-adapted for: carrying 
voltage ‘signals which are -the respective :-inver- 


“sions of -the: signals-on -the: direct input. leads; 
‘a write output lead-and a-carry output lead; 
‘means including-a first: primary control tube, said 


inverted ‘input: leads being -aSsociated with -the 
‘input circuit‘ of ‘said first: primary control tube 


‘for. joint: control thereby, the latter being biased 
‘tova: point: requiring two of’ said leads to'be. posi- 


“tive for “conduction ‘to ‘take ‘place, ‘the ‘plate -cir- 


o : cuit: of-the’ tube! being ‘associated ‘with: said carry 
“a voltage ‘representative of a carry digit when at 


lead so that said carry lead has impressed thereon 


‘least ‘two-of said-direct input leads are: positive; 

second -and ‘third primary control tubes, ‘said 
direct input leads being associated-with the'input 
circuits ofsaid*second and third primary control 


‘tubes for ‘joint coritrol thereby, ‘the ‘latter being 
‘piased to ‘points respectively requiring one “and 
‘three of said: direct input leads to-be positive for 


conduction to ‘take:place; and means’ including a 
secondary coritfol tube having its input ¢ircuit 
controlled jointly by poteritials existing ‘in the 
respective plate circuits of said primary control 


“tubes and biased to a. poitit-requiring at léast two 


cf said plate circuits to be highly positive -for 
conduction to take place, the plate circuit-of-said 
secondary control tube being associated -with-said 
‘write lead so that a voltage representative of -a 
write digit is impressed upon said write: lead-when 
either one or three of. aes -direct input leads -are 
positive. 

13, In .a-digit. adder. eleruit for :use-in-a-com- 


-puter -employing -the - binary - system. of numbers, 


the-combination comprising:a: set. of three direct 
input-leads,.each-being arranged-to.supply a-series 
of .plus-minus and minus-plus voltage couples 
representative of binary digits; a set of :three 


«inverted input leads -arranged -to supply -voltage 
-couples.which-are-the respective-inversions-of the 


-couples -on the direct - input leads; a-write-output 


‘lead and a-carry output lead; -a -first, -primary 


control tube, one -set of -said -input -leads -being 
connected to the. input circuit of-said first -_primary 
-control.tube-for joint control-thereby, the latter 
‘being biased to a.point.requiring-two of-said-leads 
-to -be ‘positive for conduction to -take -place, the 
‘plate circuit of the.tube:being- associated with said 
carry lead SO that-said-carry lead has impressed 
thereon a -voltage couple representative -of a bi- 
nary 1 when ‘atleast -two .of -said direct - input 
‘leads: carry a binary :1.couple; second-and third 
-primary control.tubes, the.other.set of inputleads . 
‘being connected to-the input circuits of-said-sec- 
ond and -third primary control -tubes -for. joint 


-control thereby, the-latter being biased to points 


respectively requiring-one.and three of said:direct 


-input leads to -be positive -for conduction -to -take 


-Place; and ‘means -including a secondary control 
tuibe-having its. input-circuit-controlled -jointly-by 
‘the potentials existing .at the .plate -terminals -of 
said primary control tubes.and biased -to.a point 
requiring. at least two of .said terminals to be 
highly .positive for conduction to take piace, ‘the 
plate circuit of.said secondary control tube being 
associated with said write lead-.so that a voltage 
couple representative of a binary 1-is impressed 
upon said write lead when éithér one or three of 
said direct ‘input ‘leads carry binary 1 ‘voltage 
couples. 
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14. In a digit adder circuit for use in a com- 
puter employing the binary system of numbers, 
the combination comprising three direct. input 
‘leads adapted for carrying voltage signals of.a 
polarity representative of a first data digit, a sec- 
ond data digit; and a carry digit; three inverted 
input leads adapted for carrying signals which 
are the respective inversions of the signals on 
the direct input leads; a write output lead and 
@ carry output lead; a first bank of primary con- 
‘trol tubes having two control grids therein con- 
nected to paired combinations of said direct input 
leads, the plate circuit of the tubes being associ- 
ated with said carry lead so that a voltage is 
.impressed thereon representative of a carry digit 
when at least two of said direct input leads are 
positive; a second bank of primary control tubes 
having.two control grids therein, said control 
grids being connected to paired combinations of 
the first and. second of said direct input leads and 
the corresponding inverted input leads; a bank 
of secondary control tubes each having two con- 
trol grids, one of the control grids in each tube 
being associated with the plate circuits of said 
second bank cf primary control. tubes, said sec- 
ondary control tubes having the remaining con- 
trol grid therein associated with the third one 
of said direct input leads and the third one of 
said inverted input leads respectively, the plate 
circuits of said secondary control tubes being 
associated with said write lead so that a voltage 
‘representative of a write digit is impressed upon 
said write lead when one or three of said direct 
input leads is positive. 

15. In a digit adder circuit for use in a com- 
puter employing the binary system of numbers, 
the combination comprising three direct input 
leads adapted for carrying voltage signals of a 
polarity representative of a first data digit, a 
second data digit, and a carry digit; three in- 
verted input leads adapted for carrying signals 
which are the respective inversions of the sig- 
nals on the direct input leads; a write output 
lead anda carry output lead; means associated 
with at least. a portion of said input leads and 
said carry output lead for impressing a voltage 
on the latter representative of a carry digit when 
at least two of said direct input leads are posi- 
tive; two pairs of primary control tubes each 
having two control grids therein, said control 
grids being connected to paired combinations of 
the first and second of said direct input leads and 
the corresponding inverted input leads; a pair 
of secondary control tubes each having two con- 
trol grids, one of the control grids in each tube 
being respectively associated with the plate cir- 
cuits of said pairs of primary control tubes, said 
secondary control tubes having the remaining 
control grid therein associated with the third one 
of said direct input leads and the third one of 
said inverted input leads respectively, the plate 
circuits of said secondary control tubes being 
associated with said write leads so that a volt- 
age representative of a- write digit is impressed 
upon: said write lead when one or three of said 
direct input leads is positive. 

16. In a digit adder circuit for use in a com- 
puter employing the binary system of numbers, 
the combination comprising a set of three direct 
input leads, each being arranged to supply a 
series of plus-minus and minus-plus voltage 
couples representative of binary digits; a set. of 
three inverted input leads arranged to supply 
voltage couples which are the respective inver- 
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sions of the couples on the direct input jeads: 
a write output lead and a carry output lead; a 
first bank of primary control tubes having two 
control grids therein connected to paired com- 
binations of said direct input leads, the plate cir- 
cuit of said tubes being associated with said 
carry lead so that a voltage couple is impressed 
thereon representative of a binary 1 ‘when at 
least two of said direct input Jeads carry a 
binary 1 couple; a second bank of primary con- 
trol tubes each having two control grids therein, 
said control grids being connected to paired com- 
binations of the first and second of said direct 
input leads and the corresponding inverted in- 
put leads; a bank of secondary control tubes each 
having two control grids, one of the control grids 
in each tube being associated with the plate cir- 
cuits of said second bank of primary control 
tubes, said secondary control. tubes having the 
remaining control grid therein associated with 
the third one of said direct input leads and the 
third one of said inverted input leads respec- 
tively, the plate circuits of said secondary con- 
trol tubes being associated with said write lead 
so that a voltage couple representative of a 
binary 1 is impressed upon said write lead when 
one or three of said direct input leads carry 
binary 1 voltage couples. 

17. In a digit adder circuit for use in a com-~ 
puter employing the binary system of numbers, 
the combination comprising three direct input 
leads adapted for carrying voltage signals of a 
polarity representative of a first. data digit, a 
second data digit, and a carry digit respectively; 
three inverted input leads adapted: for carrying 
signals which are the respective inversions of the 
signals on the direct input leads; a-write output 
lead and a carry output lead; a first bank of rec- 
tifiers connected in groups of three to the var- 
ious possible combinations of the three direct and 
three inverted input leads, each group of. three 
rectifiers having an associated output terminal 
which ‘is grounded through a grounding resistor 


5 so that individual ones of said output terminals 


exist. at substantially . ground potential only 
when none of the input leads associated there- 
with are positive, a bank of secondary rectifiers, 


said ‘secondary rectifiers being arranged to con- 


nect. a portion of said terminals to said carry 
output lead and another portion to said write 
lead, auxiliary sources of potential having a high 
resistance included in series therewith, said write 
and carry output leads being respectively con- 
nected to said auxiliary sources of potential and 
said secondary bank of rectifiers being so polar- 
ized that a voltage representative of a carry digit 
is impressed upon said carry output lead when 
two or-more of said direct input leads are posi- 
tive and so that a voltage representative of a 
write digit is impressed upon said write output 
lead when either one or three of said direct input 
leads are positive. 

18. In a digit adder circuit for use in a com- 
puter employing the binary system of numbers, 
the combination comprising three direct input 
leads A, B, C adapted for carrying voltage sig- 
nals of a polarity representative of a first data 
digit, a second data digit, and a carry digit re- 
spectively; three inverted input leads A’, B’, C’ 
adapted for carrying inverted voltage signals 
which are the respective inversions of the voltage 
of the signals on the direct input leads; a write 
output lead and a carry output lead; rectifiers 
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connected.in groups of three to.said input:leads:in 
the following combinations: 


-AB’C i 
A’BC’ 
A’B’C 
. A’B’C’ 
ABC’ 
.AB’C 
‘A‘BC 


said groups -each having .a common :terminal, 
grounding resistors for said rectifiers and con- 
nected to said terminals ‘so ‘that ‘said terminals 
exist near ground potential only :when the -volt- 
ages on the leads associated therewith are:all neg- 
ative,:a source of positive potential connected to 
said write lead:and said.carry lead and-including 
separate high resistances in series therewith, a 
secondary bank of rectifiers having a first:portion 
thereof interconnecting said .carry output ‘lead 
and ‘the terminals associated with :the following 
combination of input-leads: 


-AB‘C’ 
‘A'BC’ 
A'B'C 
A'B’C’ 


and a-second portion interconnecting said write 
output lead and the terminals associated:with the 
following combination of input leads: 


A’B’C’ 
ABC’ 
AB’C 
A’BC 


said secondary: rectifiers:being so polarized that.a 
rélatively negative voltage:is impressed: upon the 
carry output lead when at least:two of said. direct 
input leads are positive and so that.a relatively 
negative voltage is impressed upon ‘said «write 
ouput:lead when either one or three of said. direct 
input leads is positive. 

19. In a digit adder :circuit for use in:a com- 
puter employing’ the binary system of :numbers, 
the combination comprising three direct input 
leads A, 'B, C adapted for carrying voltage:signals 
of a polarity representative of a first. data. digit, 
a second data digit:and 2 carry digit respectively; 
three inverted input leads A’, B’,:C’ adapted-for 
carrying inverted voltage signals which :are the 
respective inversions of the voltage of: the signals 
on the direct input leads; a write output lead and 
@ carry output lead; rectifiers connected in:groups 
of three to said input. leads in the following com- 
binations: : 

AB’C’ 
A’BC’ 
A’B’C 
A’B’C’ 
ABC’ 
AB’C 
A’BC 


said groups each haying a common ‘terminal, 
grounding resistors for said rectifiers and con- 
nected to said terminals so that said terminals 
exist near ground potential only when the volt- 
ages on the leads associated therewith -are all 
negative, a source of positive potential connected 
to said write lead and said carry lead and in- 
cluding separate high resistances in series there- 
with, a.secondary bank.of rectifiers having.a first 
portion thereof interconnecting said carry output 
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Jead “and ‘the ‘terminals ‘associated ‘with :the. fol- 
lowing.:combination ‘of: input ‘leads:. 
<AB’C’ 
A’BC’ 
A’B’/C 
‘A'B’C’ a8 
and ‘a second portion: interconnecting :said':write 
‘output lead:and the: terminals. associated withthe 
folowing combination of input :leads: 
‘A’B’'C’ 
ABC’ 
-AB’C 
A’BC 
said :secondary :rectifiers ‘being ‘so polarized: that 
a. relatively negative voltage is impressed ‘upon 
the carry output :lead when at. least ‘two -of said 
direct. input leads: are.positive:and:so that .arela- 
tively “negative voltage -is impressed ‘upon: said 
write output lead ‘when ‘either one or three of 
said direct input leads ‘is positive, and “means 


_ for inverting:’the voltages .on the write:and ‘carry 
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20. In .a digit adder ‘circuit for :use. in -aicom~- 
-puter employing ‘the ‘binary system :of numbers, 
-the combination comprising -a:set :of :three: direct 
‘input leads :each “being -arranged +o .supply a 
-series of plus-minus:and ‘minus-pius voltage cou- 
ples representative:of-binary digits;:a:set:of-three 
inverted input :leads:arranged to ‘supply -vdltage 
‘couples which .are ‘the respective inversions -of 
the ‘couples: on:the:direct'input:leads;:a-write out- 
put lead anda carry output lead;:a first:bank-of 
rectifiers connected in :groups :of three to -the 
various .possible combinations:of the: three direct 
and :three inverted input ‘leads, each :group :of 
‘three -rectifiers:having:.an associated :output ‘ter- 
‘minal which ‘is grounded through a grounding 
‘resistor so that ‘individual -ones of said output 
terminals exist: at substantially ground :potential 
only -when ‘none of the input leads associated 
‘therewith. are:positive, a bank-of secondaryirecti- 
fiers, said. secondary ‘rectifiers being: arranged ‘to 
‘serially join :a:portion :of ‘said «terminals ‘to said 
carry output lead :and :another ‘portion to -said 
‘write. lead, auxiliary sources of potential-having:a 
high resistance :included ‘in: series therewith, said 
write and carry output leads being -respectively 
connected. to said. auxiliary ‘sources -of ‘potential 
‘and ‘said -secondary bank of rectifiers being :so 
polarized that a voltage couple representative :of 
‘a binary ‘1 is impressed -upon ‘said carry output 
‘lead when two or more:of said direct input ‘leads 
carry binary 1 voltage ‘couples and ‘so that a 
voltage couple representative. of .a binary ‘1 ‘is 
‘Impressed upon ‘said write output ‘lead. -when 
either ‘one or three of ‘said direct ‘input leads 
carry binary 1 voltage couples. 

‘21. In ‘a computer of the ‘binary type, ‘the 
combination comprising means for -storing -data 
representative of a series of binary digits,-means 
for converting each ‘digit of such data into either 
a :plus-minus sinusoidal wave or -a minus-plus 
‘sinusoidal wave depending upon the value of ‘the 
digit, means including .a flip-flop circuit ‘having 
two stable conditions of operation, ‘the order in 
which the fiip-flop circuit assumes first one and 
then the other of its two conditions. of operation 
-being determined by the wave supplied thereto, 
said flip-flop circuit including means for unlock- 
ing the.same to enable response to the then.exist- 
ing polarity of the sinusoidal wave, and means 
for applying an unlocking pulse syné¢hronized 


with the region of maximum amplitude of each 


half of said sinusoidal wave. 
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22..In a binary..computer. the . combination 
comprising data sources. supplying first-and sec- 
ond data signals, said. signals consisting of a 
series of plus-minus and minus-plus voltage cou- 
ples to represent binary. digits, means including 
@ two-condition device..for operating on such 
signals to produce along with said data signals 
additional signals which: are the respective. in- 
versions thereof, and :a.summing circuit having 
unidirectional control devices therein, said-con- 
trol devices being connected to respond not only 
to said data signals but ‘to said inverted signals 
as well, means in said:summing circuit and co- 
operating with said control devices to produce at 
the output terminals'of the summing circuit a 
signal. consisting of voltage couples . indicative 
of the:sum of ‘the simultaneously received digits 
represented by said data. signals, and. alarm 
means for detecting the failure of any couple at 
the output of the summing circuit to have'both 
@ minus and a‘plus condition.’ 

..23,:In a computer of the type employing the 
binary system of numbers:and in which the in- 
dividual binary digits are represented on a volt- 
age“ lead: by a plus-minus: or minus-plus .volt- 
age:'couple depending on the value of the digit, 
an alarm. circuit for coupling to said lead com- 
prising means synchronized for response to. ths 
first half of a given couple for producing. a volt- 
age representative of the polarity thereof, means 
synchronized for response to the second half of 
said voltage couple for. producing a voltage 
representative of the polarity of said second half, 
and means for comparing said voltages to in- 
dicate lack of voltage change’in said couple. 

24. In a computer of the type employing the 
binary. system of numbers and in which the in- 
dividual binary digits are represented in a volt- 
age lead by a plus-minus. or minus-plus voltage 
couple depending on the value of the digit, an 
alarm circuit for coupling to said lead com- 
prising means synchronized for response to the 
first half of a given couple for producing a first 
reference voltage representative of the polarity 
thereof, means synchronized for response to the 
second half of said voltage couple for producing 
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a@ second reference: voltage, means for delaying — 


the production of said first reference voltage ‘so 
that it exists simultaneously with: said second 
reference voltage, and means for comparing said 
reference voltages to indicate lack of reversal in 
said couple... : 

-25..In a computer of the type employing the 
binary system. of- numbers and in which: the 
individual ‘binary digits are represented on.a 
voltage lead by a plus-minus or minus-plus volt- 
‘age. couple depending on the value of: the digit, 
an alarm: circuit for: coupling to said lead com- 
prising means synchronized for response to the 
first half of a given couple for producing a.-first 
reference. voltage representative of the polarity 
thereof, means synchronized for response to the 
second half of said voltage couple for producing a 
second. reference voltage representative of the 
polarity of said second half, means for retaining 
said first referénce voltage so that it exists 
simultaneously with said second reference volt- 
age, and means for indicating a condition of 
alarm when said reference voltages are of the 
same polarity. 

26. In a computer of the type employing the 
‘binary system of numbers and in which the 
‘Individual binary digits are represented on a 
voltage lead by a plus-minus or minus-plus volt- 
age couple depending upon the value: of the 
‘digit, an alarm circuit for coupling to said lead 
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comprising 4 first flip-flop device synchronized 
for response to the -first half of a given couple 
for producing a first reference voltage repre- 
sentative of the polarity thereof, a second flip- 
flop device synchronized for response to the sec- 
ond half of said voltage couple for producing 
a second reference voltage representative of the 
polarity thereof, a third flip-flop device also 
synchronized for response to the second half of 
said voltage couple for delaying said first refer- 
ence voltage one-half cycle so that it exists 
simultaneously with said second reference volt- 
age; and means for indicating a condition of 
alarm when :said reference voltages are non- 
complementary. 

27.. Im a computer of the type employing the 


‘binary system of numbers and in which the indi- 


vidual binary digits are represented on a voltage 
lead by a plus-minus or minus-plus voltage cou- 
ple depending upon the value of the digit, an 
alarm device for coupling to said lead: compris- 
ing means for producing simultaneously existing 
reference voltages representative of the polarity 
of the first and second halves of a given couple, 
means for producing the complements of said 
reference voltages, means including a first vac- 
uum tube having two control grids respectively 
responsive to said reference voltages so that the 
tube conducts when said voltages are both posi- 
tive, and ‘means including. a second vacuum tube 
having. two control grids respectively responsive 
to the complements of said reference voltages and 
arranged to conduct when said complement volt- 
ages are both positive, and means for indicating 
a condition of alarm upon the flow of current in 
either of said vacuum tubes. 

28. In a binary computer the cbmuimation 
comprising sources for supplying first and second 
input signals, said signals each consisting of a 
train of plus-minus and minus-plus voltage cou- 
ples, each couple representing one or the other 
of two binary. digits respectively, means including 
inverters for said input signals respectively and 
each having terminals carrying the direct input 
signal and its inversion, a summing circuit having 
unidirectional control devices therein, said con- 
trol devices being arranged for feeding by said 
terminals, means in said summing circuit and 
associated with said control devices for producing 
at the output terminals of the summing circuit a 
write: signal consisting of couples indicative of 
the sum of the simultaneously received trains of 
digits represented by said input signals, and 
means for reversing the terminals associated with 


‘one of said inverters to feed the complement of 


the corresponding input signal into said summing 
circuit thereby to produce a write signal indica- 
tive of the difference between said input signals. 

29. In a computer for binary numbers, the 
combination comprising; a storage device for 
storing data representative of a train of binary 
digits in the form of ‘successive areas of magnet- 
ism, means for converting each area of mag- 
netism into a plus-minus or minus-plus input 
voltage couple depending upon whether the digit 
represented thereby is a binary 1 or a binary 0, 
a computing circuit arranged for energization by 


-a train of said couples including means for acting 


upon the latter in a predetermined manner to 


‘produce a train of output voltage couples having 


mathematical significance, said computing cir- 


‘cuit including a flip-flop device having an input 
‘connected to receive said input: voltage couples 


and capable of. two stable conditions of output 


voltage, Said flip-flop device having an. unlocking 
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connection to enable the voltage at the output 
thereof to aline itself with the voltage at the in- 
put only when an unlocking pulse is applied 
thereto, and means synchronized with the flow 
of couples from said storage device to provide un- 
lecking pulses to said circuit. 

30. In a computer for binary numbers, the 
combination comprising, a storage device for 
storing data representative of a train of binary 
digits in the form of successive areas of mag- 
netism, means for converting each area of mag- 
netism into a plus-minus or minus-plus voltage 
couple depending upon whether the digit is a 
binary 1 or a binary 0 to produce an input train 
of voltage couples, a computing circuit for acting 
upon said train of voltage couples in a predeter- 
mined manner to produce an output train of volt- 
age couples having mathematical significance, 
said circuit including a flip-flop device having its 
input fed by said input train of voltage couples 
and having two stable conditions of output volt- 
age, said flip-flop device having an unlocking 
connection and so arranged that the output volt- 
age may flip into alinement with the input volt- 
age only during the instant that a voltage pulse 
is applied to said unlocking connection, and 
means synchronized with the flow of voltage cou- 
ples from said storage device to provide unlock- 
ing pulses to said circuit. 

31. In a computer for binary numbers, the 
combination comprising, rotatively driven mag- 
netic means for storing data representative of a 
train of binary digits in the form of areas of mag- 
netism, reading means for converting each area 
of magnetism into a plus-minus or minus-plus 
voltage wave generally sinusoidal in form de- 
pending upon whether the digit represented 
thereby is a binary 1 or a binary 0, a computing 
circuit having an input and an output circuit and 
capable of acting upon plus-minus and minus- 
plus voltage couples of a square wave shape to 
produce an output train of voltage couples having 
a mathematical significance at the output there- 
of,.a.flip-fiop device having its input connected to 
said reading means and having its output con- 
nected to said computing circuit, said flip-flop 
device having an unlocking connecting and so 
arranged that its output voltage may flip into 
alinement with its input voltage only when an un- 
locking pulse is applied to the unlocking connec- 
tion, and a triggering circuit having an element 
synchronized with the movement of said mag- 
netic storage means to provide unlocking pulses 
to said flip-flop device near the peaks of the posi- 
tive and negative voltages of the sinusoidal volt- 
age wave. 

32. In a computer for binary numbers, the 
combination comprising, first and second data 
sources in the form of rotating magnetic mem- 
bers coupled together for storing successive 
couples of magnetism representative of trains of 
binary digits, first and second reading means for 
converting each couple of magnetism into a plus- 
minus or minus-plus voltage couple of generally 
sinusoidal form depending upon whether the 
digit is a binary 1 or a binary 0, a computing 
circuit having input terminals and arranged to 
act upon trains of input voltage couples so that 
an output train of voltage couples is produced 
having mathematical significance, first and sec- 
ond flip-flop devices having their inputs re- 
spectively connected to said reading means and 
having their outputs connected to the input ter- 
minals of said computing circuit, said flip-flop 
devices each having an unlocking connection 
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and being so arranged that the output voltage 
alines itself with the then existing input volt- 
age only when an unlocking pulse is applied to 
form a square output wave, and means including 
a synchronizing magnetic member rotatively 
eoupled to said rotating magnetic members and 
connected to the unlocking connections of said 
first and secod flip-flop devices to supply simul- 
taneous pulses thereto so that the square volt- 
age couples from the flip-flop devices are fed 
into the computing circuit in precise synchro- 
nism with one another in spite of relatively wide 
phasing variations in the sinusoidal voltage cou- 
ples read from said rotating magnetic members 
by said reading means. : 

33. In a computer for binary numbers, the 
combination comprising, first and second data 
sources in the form of rotating magnetic disks 
for preliminarily storing magnetic couples rep- 
resentative of trains of binary digits, first and 
second reading means for converting each mag- 
netic couple into a plus-minus or minus-plus 
voltage couple of generally sinusoidal wave shape 
depending upon whether the magnetic couple 
represents a binary 1 or a binary 0, a computing 
circuit having input terminals and arranged to 
act upon trains of voltage couples so that an out- 
put train of voltage couples is produced having 
mathematical significance, an output disk for 
recording the output train in the form of a se- 
ries of magnetic ‘couples, first. and second flip- 
flop devices having their inputs respectively con- 
nected to said reading means and having their 
outputs connected to the input terminals of said 
computing circuit, said flip-flop devices each hav- 
ing an unlocking connection and being so ar- 
ranged that the output voltage alines itself with 
the then existing input voltage only when an 
unlocking pulse is applied so that the sinusoidal 
couples are converted to couples of square wave 
shape, means including a synchronizing disk ar- 
ranged to supply unlocking pulses to both of said 
flip-flop devices simultaneously, and means for 
driving all of said disks rigidly coupled to one 
another so that the data is fed into and recorded 
from the computing circuit in precise synchro- 
nism in spite of phasing variations in the sinusoi- 
dal voltage couples read from said rotating mag- 
netic members by said reading means. 

34, In a computer for binary numbers, the com- 
bination comprising first and second data stor- 
age devices for storing magnetic couples repre- 
sentative of trains of binary digits, first and sec- 
ond reading means associated with said storage 
devices for converting each magnetic couple 
thereon into a generally sinusoidal plus-minus or 
minus-plus voltage couple depending upon 
whether the magnetic coupler represents a binary 
1 or a binary 0, first and second flip-flop devices 
having their input circuits respectively connected 
to the reading means for converting the sinusoi- 
dal voltage couples into square voltage couples, 
said flip-flop devices having provision for apply- 
ing an unlocking pulse thereto and being so ar- 
ranged and constructed that the output voltage 
flips into alinement with the input voltage only 
when an unlocking pulse is applied, a digit add- 
ing circuit having input terminals respectively 
connected to the outputs of said flip-flop devices 
and having a carry input terminal, said digit 
adding circuit also having output circuits for pro- 
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of the sum of the digits received at the input ter- 
minals thereof as well as a train of carry digits, 
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circuit for delaying each carry digit and inserting 
it for addition with the digits: in the next higher 
order, said carry delay circuit having an unlock- 
ing connection, and synchronizing means.-includ- 
ing a member coupled for rotation with the data 
storage devices for applying unlocking pulses both 
to said flip-flop devices and to said. carry. delay 
circuit to insure that the digits supplied to said 
digit adder circuit remain in exact synchronism 
in spite of misphasing of the sinusoidal voltage 
couples from said first and second reading means. 

35. In a binary computer of the type in which 
the digits comprising.a binary number are acted 
upon in timed sequence, the combination com- 
prising, a summing circuit having first and second 
input leads and having an output lead, said sum- 
ming circuit being so constructed and arranged 
that upon reception of trains of voltage impulses 
at the input leads a train of voltage impulses 
is produced at the output lead which is represen- 
tative of the sum of the input trains, a source of 
electrical impulses representative of binary zeros, 
means including an insertion lead for inserting an 
impulse corresponding to a binary 0 into the ad- 
dition of impulses representing digits of lowest 
order received at the input leads, a first inverter 
in one of said input leads to invert the impulses 
flowing therethrough so that the difference in- 
stead of the sum of the two binary numbers ap- 
pears at the output lead, and a second inverter 
included in said insertion lead for inserting an 
impulse corresponding to a binary 1 instead of 
a binary 0 into the sum of the impulses of lowest 
order as an incident to. inversion in said first in- 
verter. 

36. In. a binary computer of the type in which 
@ binary digit is represented by a plus-minus or 
minus-plus voltage couple depending upon 
whether the digit is a binary 1 or a binary 0, the 
combination comprising first and second data 
sources for supplying respective trains of voltage 
couples representative of binary numbers, said 
sources being coupled together so that the cou- 
ples supplied by the sources. are synchronized 
order by order, a digit adder circuit having three 
pairs of input leads, inverters energized by said 
data sources for supplying to the first and second 
pair of input leads direct input signals and the 
respective inversions thereof, said digit adder 
having an output lead and a carry lead and so 
constructed and arranged that (a) a voltage cou- 
ple representing a binary 1 occurs at the output 
lead when the sum of the digits applied to the 
direct input leads is 1 or 3 and (b) a couple rep- 
resenting a binary 1 appears at the carry lead 
when the sum of the digits applied to the direct 
input leads is either 2 or 3, a carry delay circuit 
having its input connected to the carry lead, said 
carry delay circuit including an inverter and 
having its output connected to the third pair of 
input leads to feed a direct and inverted voltage 
couple thereto which is delayed for addition 
with the voltage couples of the next higher order, 
and means for receiving the sum of the binary 
numbers in the form of voltage. couples fed from 
said output lead. 

37. In a computer for performing addition of 
two binary numbers order by order, a delay de- 
vice for delaying a carry digit signal from one 
order for inclusion with the next higher order 
comprising, in combination, a. series of serially- 
connected flip-fiop circuits each having an un- 
locking connection and so arranged that the out- 
put voltage thereof comes into alignment with 
the existing input voltage upon applying a mo- 
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mentary unlocking pulse thereto and stably per- 
sists when the unlocking pulse is removed, means 
for applying an unlocking pulse to the first flip- 
flop circuit of the series during a digit signal for 
responding to the signal, and means for apply- 
ing an unlocking pulse to the last flip-flop cir- 
cuit of the series at the beginning of the next 
following digit signal so that said carry digit 
signal arrives at the output of the delay device 
in time for the digit represented thereby to be 
included in the next higher order. 

38. In a computer for performing addition of 
two binary numbers order by order in which the 
two digits are represented by plus-minus and 
minus-plus voltage couples respectively each hav- 
ing a duration of one digit interval, a delay de- 
vice for delaying a carry digit signal from one 
order for inclusion with the next higher. order 
comprising, in combination, a series of serially- 
connected flip-flop circuits each having an un- 
locking connection and so arranged that the out- 
put voltage thereof comes into alignment with 
the existing input voltage upon applying a-mo- 
mentary unlocking pulse thereto and stably per- 
sists when the unlocking pulse is removed, means 
for applying an unlocking pulse to the first and 
third flip-flop circuits of the series during the 
first half and second half of a digit interval, and 
means for applying an unlocking pulse to the 
second and fourth flip-flop circuits of the series 
at the mid-point of the digit interval and at the 
beginning cf the next foliowing digit interval 
so that said carry digit signal arrives at the out- 
put of the delay device in time for the digit 
represented thereby to be included in the next 
higher order. 

39. In a computer of the binary type in which 
the two binary digits are represented by a plus- 
minus and minus-plus voltage couple for perform- 
ing addition of two binary numbers order by order, 
a delay device for carrying a carry digit.signal 
from one. order to the next higher order com- 
prising, in combination, a series of four serially- 
connected flip-flop circuits, each of said flip-flop 
circuits having an unlocking connection and so 
arranged that the output voltage comes into 
alignment with the existing input voltage upon 
applying a momentary unlocking pulse to. said 
unlocking connection with the output voltage 
persisting stably when the unlocking pulse is re- 
moved, means for applying unlocking pulses to 
the first and third flip-flop circuits at the one- 
quarter point and three-quarter point of the 
voltage couple and means for applying an un- 
locking pulse to the second and fourth flip-flop 
circuits at the second and fourth quarter points 
of -the voltage couple so that the carry digit 
signal arrives at the output of the delay device 
in time to be included. in the next higher order. 

40. In a binary computer of the type which acts 
sequentially on a train of digits forming a binary 
number, the combination comprising a summing 
circuit having first and second input leads and 
having an output. lead, means for feeding voltage 
couples representative of a first train of digits 
into said first input lead and voltage couples 
representative of a second train of digits into 
said second input lead with the couples syn- 
chronized order by order, said summing circuit 
having a carry delay device included therein 
for storing a voltage couple representative of a 
carry digit from one order for delayed addition 
with the voltage couples corresponding to the 
next higher order entering on said input leads so 
that there is produced on the output lead a train 
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of voltage couples which is representative of the 
sum of the digits represented by the voltage 
couples applied to said input leads, and means 
for adding a voltage couple representative of a 
binary 0 to the voltage couples of lowest order 
in place of the voltage couple from said carry 
delay device and which was stored in a previous 
step of computation. 

41. In a binary computer of the type which 
acts sequentially on a train of digits forming a 
binary number, the combination comprising first 
and second data storage devices for storing areas 
of magnetism of polarity representative of a 
train of binary digits and having means for driv- 
ing the same, a summing circuit having first and 
second input leads, means respectively associated 
with said data storage devices to convert the 
areas of magnetism into corresponding electrical 
impulses for application to said input leads, said 
data storage devices being coupled for movement 
together so that the digits therefrom are applied 
to said input leads synchronized order by order, 
said summing circuit including a digit adder as 
well as a carry delay circuit for storing an elec- 
trical impulse representing a carry digit from one 
order for addition with the electrical impulses 
arriving at said input leads and which are of the 
next higher order, means including a source of 
electrical impulses representative of binary zeros 
and synchronized with the flow of electrical im- 
pulses in said input leads, and switch means ef- 
fective during the arrival of the electrical im- 
pulses corresponding to the digits of lowest order 
for disabling the carry delay circuit and for sub- 
stituting an impulse corresponding to a binary 0 
to prevent carryover of the carry digit from the 
highest order of the previous step of computation. 

42. In a binary computer of the type in which 
the binary digits comprising a number are acted 
upon in timed sequence, the combination com- 
prising first and second data storage devices for 
storing binary numbers in the form of spots of 
magnetism, a summing circuit having first and 
second input leads connected to said data stor- 
age devices respectively, said storage devices be- 
ing coupled together so that trains of electrical 
impulses representative of digits are fed into said 
input leads synchronized order by order, said 
summing circuit having an output lead and hav- 
ing means for receiving the signal therefrom, said 
summing circuit including a carry delay circuit 
so that the impulse representative of the carry 
digit resulting from the addition of impulses 
representing the digits in one order is stored 
temporarily and then summed with the impulses 
representing the digits of next higher order so 
that a train of impulses is produced in said output 
lead indicative of the sum of the trains of im- 
pulses simultaneously received at said input leads, 
an inverter in one of said input leads capable of 
inverting the impulses comprising the signal flow- 
ing therethrough so that impulses representing 
the difference of the stored binary numbers rather 
than their sum is produced at the output lead, 
and means for adding to the impulses of lowest 
order only on impulse corresponding to a binary 1. 
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43. In a high speed digital computer, the com- 
bination comprising first and second data storage 
devices in which the data are represented by two- 
condition couples with the order of the two suc- 
cessive conditions in the couple representing the 
binary digits 1 and 0 respectively, means for 
simultaneously reading the couples of corre- 
sponding order in said storage devices and for 
converting them into trains of plus-minus and 
minus-plus voltage couples synchronized with 
one another order by order, means for combin- 
ing simultaneously received pairs of voltage cou- 
ples in sequence, means responsive to the coinci- 
dence or lack of coincidence in the polarity of 
the voltages at said combining means to produce 
a train of voltage couples representative of a 
train of digits comprising the answer to a mathe- 
matical problem, and an answer storage device 
coupled to said data storage device for making 
synchronously a record of the train of voltage 
couples comprising said answer. 

44, In a high speed digital computer, the com- 
bination comprising first and second data storage 
devices in which the data are represented by two- 
condition couples of square wave form with the 
order of the two successive conditions in the 
couple representing the binary digits 1 and 0 
respectively, means for simultaneously reading 
the couples of corresponding order in said stor- 
age devices and for converting them into trains 
of plus-minus and minus-plus voltage couples 
synchronized with one another order by order 
with the half-waves thereof in step, means for 
combining simultaneously received pairs of volt- 
age couples in sequence, means responsive to the 
coincidence or lack of coincidence in the polarity 
of the voltages at said combining means during 
each half-wave to produce a train of voltage 
couples representative of a train of digits compris- 
ing the answer to a mathematical problem, and 
an answer storage device coupled to said data 
storage device for making synchronously a record 
of the train of voltage couples comprising said 
answer. 
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